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High Lights 


Water-Level Control. Control of the water 
level in a model of the Cape Cod (Mass.) 
Canal and the automatic recording of water 
level at several points during studies of 
flow were accomplished electrically by 
utilizing the capacitance between the water 
itself and a plate suspended above it, 
together with suitable vacuum-tube ampli- 
fiers, grid-controlled arc-discharge tubes, 
and Selsyn motors (pages 237-44). 


Engineers and Economics. Successful eco- 
nomic planning is most hopefully to be 
looked for if the planners are guided by the 
approach and method characteristic of an 
engineer. However, individuals combining 
this with other essential traits are regarded 
as rare (pages 206-07). 


Japanese Progress. The characteristics of 
the Japanese people, their educational 
system, and cultural and industrial develop- 
ment are reported by a visitor to Japan 
who finds that country well-equipped to 
compete with the western world (pages 
208-15). 


Electrical Machinery. Reactance of end 
connections and eddy currents in rotor 
bars are the subjects of 2 papers in this issue. 
In one the use of image conductors in iron, 
of Rayleigh insulating partitions, and of 
images of conductors in these partitions are 
shown to afford an attack on the. problem 
of end-connection reactance (pages 257-60). 
The other paper shows that from oscillo- 
grams of eddy currents in the rotor bars of a 
squirrel-cage induction motor, the magni- 
tude of the power loss caused by eddy 
currents, and its variation with load, may 
be determined (pages 253-6). 


Switchboards. The power plant at Boulder 
Dam has been equipped with switchboards 
notable for their size and for the combina- 
tion of designs and methods that heretofore 
have been used individually but seldom 
together (pages 224-36). 


Lightning Investigation. Data obtained 
from the measurement of lightning currents 
in tower structures, counterpoises, and 
ground wires on a 132-kv line indicate that 
stroke currents rarely exceed 150,000 
amperes and that adequate shielding of 
lines at station entrances is necessary 
(pages 245-52). 


q 


Stability. A comprehensive review of th 
subject of stability of large power system 
is presented in a report of an AIEE sut 
committee. A summary of the recent prac 
tices regarding stability features of man 
power systems throughout the Unite 
States is included (pages 261-82). 


Tube Nomenclature. A committee of th 
American Standards Association is attempt 
ing to simplify the nomenclature of elec 
tronic tubes, and toward that end has of 
tained an agreement by 2 large many 
facturers to abandon trademark rights t 
several names. A tabulation indicatin 
the initial step is given in this issue (pag 
284). 


Unemployment Among Engineers. Unem 
ployment data from 52,589 engineer 
throughout the United States, obtained i 
the 1935 survey of the engineering profes 
sion conducted by the United States Bureay 
of Labor Statistics shows that more tha: 
1/; of all engineers reporting were unem 
ployed at some time during the year 
1929-34; half of these were unemploye 
for more than a year. The largest pro 
portion unemployed at any one time wa 
about 11 per cent (pages 216-23). 
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The Challenge of 1937 


6 is now history. Whatever we have accomplished, 
wr failed to accomplish, is written into the records 
ind we cannot change it. The engineer is interested 
story as a guide to the future, but what most intensely 
ests him is that which he may accomplish in the 
‘e. Every keen-minded member of the American 
tute of Electrical Engineers is greatly interested in 
uture accomplishments of the organization. 

e are not satisfied with the performance of our 
nization, and I hope that we never will be. The 
test stimulus to future accomplishment is a sane and 
hy dissatisfaction with the past. 

though not satisfied, we can secure a certain degree 
omfort through comparison. I think that we will 
suffer in comparison with other technical societies. 
y too wish to accomplish more than they have in the 
_ In a broader sense, are we entirely satisfied with 
rs throughout the world? Are we entirely satisfied 
affairs in our own country? Yet is it not the best 
try in which we can live? Likewise is not our 
nization the best one available to us for our profes- 
l advancement? Our problem is to make it the best 
1ization possible. 

ith privilege comes responsibility. It is the privilege 
le Institute to represent professionally the electrical 
ieers of America, and this high privilege implies a 
responsibility of which we should ever be conscious. 
iring the last year, have we adequately represented 
electrical engineering profession in our technical 
ities?) I think we have, but I know that we can do 
r in 1937. A greater participation of the Sections 
e national technical activity is desirable. This does 
nean that each Section must set up a technical com- 
e corresponding to each of the national technical 
nittees, but rather that each Section has the privilege 
ecting 1, 2, or more technical committees in the work 
hich that Section is particularly interested. This 
tunity is a real challenge to each Section for 1937. 
uld suggest that the Sections start by selecting the 
echnical committee in the work of which they are 


most interested, and organize within the Section a corre- 
sponding technical committee. In this way it is possible 
for every Section to contribute to the national technical 
activity. The chairman of such a Section technical com- 
mittee would be a very logical nominee by the Section 
for membership on the corresponding national technical 
committee the following year. 

Has the Institute in 1936 effectively embraced its 
opportunity in advancing the professional standing of 
its members? Here lies another challenge for 1937. 

Should there be a gradual and intelligent broadening 
of the sphere of Institute activities? This deserves very 
earnest consideration. As one example of what can be 
accomplished, I was very favorably impressed by a paper 
“The Engineer’s Responsibility to Society’? which was 
presented by a student member at a recent Branch 
conference held in Pittsburgh, Pa. 

Are we satisfied with the 1936 record of members added 
to our rolls? Before answering, let us consider why a 
professional engineering society desires addition to its 
membership. If there be electrical engineers who are 
qualified for membership but who are not members, the 
society will be more truly representative of the electrical 
engineering profession if they were offered the opportunity 
of joining. If they would then participate in the activi- 
ties of the organization, it is obvious that the organization 
would more nearly measure up to its opportunities. The 
increased financial support from such new members would 
enable the organization more successfully to carry on all 
its work. The challenge of 1937 will not be successfully 
met unless every qualified electrical engineer is offered 
the opportunity of enrolling in our ranks. 

I firmly resolve to do all in my power to meet the 
inspiring challenge of 1937, and I ask every one of our 
more than 15,000 members to make the same resolution. 


PRESIDENT AIEE 
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Engineers and Economics 


By MORRIS E. LEEDS 


FELLOW AIEE 


ANY individual engi- 
neers undoubtedly feel 
a peculiar sense of ob- 


ligation to make some contri- 
bution to the solution of our 
economic difficulties, and I 
think we may safely say that 
engineers collectively in their 
organizations share that feeling. The individual sense 
of responsibility is manifested by numerous writings and 
statements of men in the profession. As a result of 
collective efforts we have had the reports of the committee 
of the American Engineering Council on the relation of 
production, distribution and consumption, out of which 
grew a real, though unsuccessful, effort on the part of the 
Engineering Foundation and the American Engineering 
Council to plan for such work under engineering auspices 
with an even broader committee, including representa- 
tives of labor and the public. 

Of course, engineers are not the only groups that have 
made such efforts. Many reports addressed to aspects 
of economics have been issued, representing trade organi- 
zations, chambers of commerce, etc., but these have 
generally concerned themselves quite narrowly with the 
needs of those for whom they spoke and have assumed, 
if they considered it at all, that the general welfare would 
coincide with their own. They do not show the disinter- 
ested breadth of view which led the engineers’ committee 
to state as its objective: 


which 


article, 


“The selection and recommendation of such governmental, financial, 
and business policies as will maintain in the United States a standard 
of living that is high, broadly distributed, and free from severe 
fluctuations.” 


I wish to discuss particularly those characteristics of 
engineering which in my judgment should give the engi- 
neer a stronger sense of economic and social responsibility 
than is felt by his brethren of industry and the other pro- 
fessions. 

There are those who say that his responsibility is a 
natural consequence of his conspicuous success. Pur- 
suing his work along the lines of the definition now more 
than a century old—“‘the art of directing the great sources 
of power in nature for the use and convenience of man’’— 
the engineer has done his full part in providing us very 
rapidly with such a wealth of machinery for producing 
goods and services and providing transportation and 
communication, that this good fortune has come on us 
more quickly than we have learned to manage it, and, 
lacking that management skill, has become temporarily 
and in part a misfortune. It is argued that the engineer 
having contributed so largely to this condition now has 
the obligation to extend his art to the field of social and 
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The characteristics of engineering that should 
give the engineer a stronger sense of economic 
and social responsibility than is sometimes felt by 
those in other professions are discussed in this 
suggests 
approach should be made to economic problems. 
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political economy so as { 
make his other contributior 
an unmixed blessing. Ther 
is something in this viewpoin 
but responsibility in that sens 
belongs also to scientists, it 
ventors, perfecters of manage 
ment, and other innovator 
To my thinking, the chief reason for the engineer’s r 
sponsibility lies in his possession of an approach an 
method which have been so perfected that they ar 
uniquely valuable for producing practical results unde 
imperfectly understood and complicated circumstance: 
where, as in the economic realm, traditional method 
fail and it is not obvious how to proceed. 

The essentials of the engineering approach and methoc 
I take it, are these: 


that an engineering 


A clear conception and precise statement of the objective to k 
achieved. 


A consideration, as thorough as practicable, of all the factors- 
be they physical, social or psychological—which will influence « 
may be employed in getting the desired results; and on the bas 
of this knowledge— 


The formulation of the most effective plans for achieving resul 
that can be developed in the allowable time. 


This may seem to many of you to be little more tha 
elementary common sense. Good sense I believe it to b 
but common I think it is not. 

I have just now referred to this approach and metho 
as uniquely characteristic of the engineer, and takin 
these steps all together I believe they are. Others ma 
clearly conceive and precisely define their objectives, bt 
in practical affairs that is rare. 

Business men for the most part work in fields whet 
experience, tradition, and the pressure of circus 
serve to guide their plans and policies. 

Scientists weigh the facts pertinent to their subjec 
perhaps more thoroughly than do engineers, but the 
seek perfection of classification and description, extensio 
of knowledge and theory, rather than the developmer 
of workable plans—and that is a highly significant di: 
tinction. Moreover, they are not hampered by a dat 
on which the report is due, while the engineer is almo: 
always limited in that respect. I have heard it sai 
recently that a recognized authority, who has publishe 
extensively on the business cycle, has said that I 
needs 5 years more before he will be in a position t 
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k definitely about controls. Contrast that viewpoint 
h, let us say, a bridge engineer. His plans must be 
dy in a certain time; and if a new material which 
mises lighter and better structure cannot be suffi- 
ntly time-tested to be used safely, he must plan a 
vier one known to be safe. 

[ know of no science, trade, or profession other than 
yineering that has perfected an approach and method 
it are so clearly right for dealing with our muddled 
nomics. 

Let me explain at this point that when I speak of 
nomic plans I am not talking of something new and 
ange. Any measure for getting an economic result, 
*h as a tax bill or a tariff act, is an economic plan; 
d any discussion by which such bills are formulated is 
omic planning of a sort. 

We do not want planning of the Russian type, or except 
emergencies, even that of our own War Ihdustries 
ard. With us economic plans will become effective 
ly as they commend themselves to our people and their 
islative representatives. Planning for democratic ac- 
stance 7s going on continuously in an unorganized way 
‘ough public discussion, in magazines, pamphlets, and 
oks, and a great amount of useful educational work is 
ing done which ranges in value from the ephemeral 
d trivial to the publications of such men as Maynard 
ynes and those of such bodies as the Brookings Insti- 
ion and the National Bureau of Economic Research. 
t in spite of this extensive discussion, we still seem far 
m agreement as to the best means of dealing with 
r very serious unemployment situation, for instance, 
d this is only one of a number of important subjects 
which we do not have a united or settled opinion. 
t me illustrate by reminding you of a few of them. 


w can taxes be levied so as to bring in the desired revenue and 
tribute the burden equitably? 


w shall they be apportioned between the states and the nation? 


yuld taxes be used for other purposes than to raise revenue, as 
import taxes are used to encourage domestic production? 


a they be planned to moderate instead of intensify the business 
le? 


li prosperity be enhanced by a policy which excludes practically 
rything that we can produce in our own country, or by one that 
ourages a large exchange with other countries; or if by some 
srmediate position, how shall that position be determined? 


w are we to maintain balance between production and consump- 
1; between agriculture and industry, etc.? 


various stages of national wealth, what proportion of the total 
uld be expended publicly by government? 


at about foreign debts, credit and finance? 


't is in connection with this complex situation that 
nomic plans are to be developed, and in order to be 
ctive they must have popular democratic acceptance. 
epeat that success is most hopefully to be looked for if 
planners are guided by the engineer’s approach and 
thod. Thus guided: 


They would clearly envisage their objective and would probably 
e it in some such language as the engineers did, that is, a level 
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of national prosperity that is high, widely and fairly distributed, 
and free from serious interruptions. 


2. They would take into consideration all the factors, be they 
physical, social, or psychological, which will influence or may be 
employed in getting the desired results. This will include an 
understanding of the conditions necessary for getting popular 
acceptance. 


3. On the basis of the available knowledge they would present the 
best practical plan for achieving the results that the time available 
permitted. The time factor is important. The plan must be one 
that can be put through at some specific time, and one that will 
work after it is enacted, with conditions as they are. 


It may be questioned whether those who have attained 
proficiency in some branch of their profession will thereby 
be best fitted to translate this fundamental engineering 
attitude to such an alien field as economics. An essential 
condition is that all the pertinent factors, including the 
social and the psychological, be taken into consideration. 
Perhaps the engineer, who has become accustomed to and 
has chiefly dealt with the dependable phenomena of the 
physical world, would thereby be unfitted for dealing 
with economic phenomena in which’ human will and 
emotion and mass psychology play so large a part. The 
practice of engineering will not in itself familiarize one 
with the vast body of economic fact and theory. 

This is my conception of the kind of men who would 
best qualify for economic planning. They will be men 
who understand the engineering approach and method, 
whether trained in the profession or out of it. They will 
be men who have so risen above any particular industry 
or profession, through which they have achieved eminence, 
that they will be able to see society and its needs as a 
whole. They should have the steadiness and dependa- 
bility which come from successful adjustment of their 
own affairs to practical conditions, and, along with those 
qualities, should be marked by a high degree of social 
idealism. A rare type! There are many men who have 
the first of these qualifications; many who have the 
second; few who combine them. Of the few men whom 
I know or know about who seem to have these qualifica- 
tions, one is an engineer, another was a lawyer and is 
now a judge, and a third is a business man. 

So I conclude, you see, that it is not the vast knowledge 
of the engineer nor the skills and techniques of the pro- 
fession, useful as these may be, that put him in position 
to make a uniquely valuable contribution to the art of 
dealing with complex economic situations, but I believe 
he can make such a contribution by passing over into the 
field of economic practice his habitual way of looking at 
and dealing with problems, which leads him to see clearly 
what he wants to accomplish, to take into account sys- 
tematically all the factors and circumstances which 
will influence results, and then plan so that the objective 
may be achieved as nearly as possible by the time wanted 
and under existing conditions. 

It is interesting to consider how the engineering profes- 
sion might make this contribution. Individual engineers 
can emphasize the engineering method in their own dis- 
cussion of economic subjects and urge it in connection 


(Concluded on page 215) 
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Industrial and Cultural Japan 


ee 


By DUGALD C. JACKSON 


PAST-PRESIDENT, AIEE 


APAN .and its industries 
J present a picture of in- 

terest and __ significance 
from many angles. The facts 
and opinions outlined in this 
paper were secured in 2 visits 
to Japan 6 years apart and 
each of some weeks’ duration, a considerable part of the 
time of each visit having been spent in observing as a 
matter of personal interest the education and the industry 
in that engaging country. 


Characteristics of the Japanese People 


The population of the Japanese empire is now counted 
as about 95,000,000 people. These are included in the 
islands of Japan proper and in Chosen (Korea), which is 
a peninsula of the Asiatic mainland, the island of Taiwan 
(Formosa), and a few small islands. It is a notably 
literate population, vying with the United States in the 
percentage of literacy. The Japanese people are full of 
sentiment for their ideals in art and literature, for their 
interpretation of heroes and heroism, and for the beauties 
of nature as exhibited in Japan; but they also are realists— 
shrewd and practical. 

Americans generally have heard much of the senti- 
mentalism of the Japanese people and have heard little 
of the other side of their nature and habits. The exag- 
gerated sentimentality of Pierre Loti’s writings and the 
sympathetic interpretation of Lafcadio Hearn have in- 
fluenced American thought on one side only, and we have 
not secured a balanced view of this people. There is a 
degree of reason in this. Even the British poet laureate, 
Masefield, mystically traces in glamorous words the lure 
of the broad Orient in his poem describing the stores of 
the Eastern Merchants: 


“We have been told that in the East are things 
Flame-guarded by the Phoenix’ burning wings, 
The Sunstones of the Everlasting Kings; 


“The Moonstones from the Woman of the Sea, 
The Changestones that compel Eternity 
To that which zs, but yet can never be. 


* * * * * 


“And silks, that the worm spins and man refines, 
Silk of the East with sunlight in its lines 
That, at each turn, with other color shines.” 


* * * * * 
In the light of such delightful legends it was easy for 
Americans to fall under the spell proclaimed by the 


sentimentalists. It was also easy for a pragmatic people 
to miss the truth on the other side. We did so in distress 
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Education and industrial development in the 

Japanese Empire are here described as seen by 

the author during his visits to that country, in 

which he recently delivered a series of lectures 
under the Iwadare Foundation. 
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over an embarrassing influx 
into California of low-class 
coolies, a third of a century 
ago, and we assumed a pat. 
ronizing attitude toward the 
Japanese because some of ou 
citizens (in contact with ar 
inferior class) confused that class with the entire race 
and dubbed the race inferior. 

The recent strong place in the world of affairs that has 
been assumed by the Japanese nation emphasizes the 
importance of a fuller examination of the facts and a 
better understanding by Americans of the Japanese 
people, their ambitions and their ideals. 

In their original feudal stage the Japanese authorities 
seem to have had neither desire for, nor strong antipathy 
toward, contact with foreigners. However, clashes with 
western traders and western proselytizers, who refused 
to yield to feudal regulations, led to exclusion of foreigners 
from Japanese soil and the prohibition of almost all 
trading contacts or privileges. Lasting several hundred 
years (during which the expostulations of western nations 
were rebuffed), this state of affairs was disturbed by 
Commodore Perry of the United States Navy who, in 
1853, on behalf of our Government, made approaches to 
the Japanese authorities for the purpose of establishing 
mutual relations of friendly nature between the 2 nations 
and their citizens. Contact having been made, he then 
temporarily withdrew. 

Commodore Perry returned to Japan in 1854, and this 
time succeeded in opening restricted diplomatic and com- 
mercial relations for the United States. European nations 
joined with America in this opening of Japan anew to 
foreign intercourse. Our earliest official commercial 
agent, Townsend Harris, was fortunate in his qualities 
of forbearance in a somewhat hostile setting, tolerance 
toward (to him) strange religious beliefs, and competence 
of imagination for picturing the points of view of alier 
peoples. The European nations were not so free from 
the arrogance that arose from an assumed superiority o! 
intellectual level. Neither have we Americans been at 
all times free from arrogance since the days of Commodore 
Perry and Townsend Harris, but Harris has stood (in the 
imagination of the Japanese people) as a representative 
of the friendly qualities of the American people. We 
likewise have touched the hearts of the Japanese at othe: 
times and by other means, of which a notable example 
arose through the noble manner, as well as the magnitude 
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our aid to Japan on the occasion of that cataclysmic 
kohama-Tokyo earthquake and conflagration of 1923, 
ich destroyed over 100,000 lives and rendered 13/, 
lions of people homeless. The cost to Japan of re- 
istruction which followed that disaster is estimated at 
re than 5 billion yen. 

Through such relations the informed Japanese feel a 
p sense of gratitude toward the United States and its 
pple. But this is offset by the sense of resentment 
ich rests on the whole Japanese population, for what 
y consider our not infrequently patronizing attitude 
vard them due to racial differences. 

Now the Japanese nation has come to vie with the 
stern nations in diplomacy, industry, education, and 
ernational commerce. They started on, their career in 
se fields short of 70 years ago. Their progress in 
ustrial affairs during the 70 years, while in competition 
h the most active industrial developments of the 
stern world, proves them to be a people of intellectual 
ver rivaling the intellectual powers of their western 
npetitors, as was foreseen by Theodore Roosevelt in 
6. We of the United States are their most important 
tomers in international trade. They are high in 
er of importance among our customers. Our greatest 
nmercial importation from them is raw silk. Their 
chases from us include much cotton, but (although they 
re become great industrialists themselves) also include 
siderable machinery and other products of manufacture. 


panese Education 


t is time for the American people to awaken to the 
t that the Japanese are a highly educated people 
sessing intellectual powers rivaling our own and 
entive genius in government and industry which has 
ome matured and capable by experience. Japan is a 
ion with which (as in the case of other strong nations) 
are having and will continue to have commercial 
ulries and causes of friction demanding tactful adjust- 
it; but it is a nation which cannot afford serious 
erences with us, nor can such differences become acute 
hout loss to ourselves. 
‘or satisfactory ac- 
intance between the 
ples of 2 nations it is 
rable that each of the 
ples shall know some- 
ig of the educational 
cesses carried on in the 
1er nation. Only 
ugh such knowledge 
truly friendly relation- 
ss grow up and be 
ntained; and only 
ugh such knowledge 
misconceptions arising 
a false diplomacy or 
rs of commercial proc- 
s be avoided, or (if 
ring) can be pre- 
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Edison memorial at Yawata, site of original source of 
bamboo for incandescent-lamp filaments; Professor 
Jackson is in the center of the group 
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vented from becoming causes of friction. If one knows the 
processes of education of a people, one may, in a sense, 
claim to know the characteristics of that people. The 
writer’s observations in his 2 visits to Japan, 6 years 
apart, each of some weeks’ duration, as already said, 
added to a long life spent in American industry and 
engineering education, indicate a definite lack of under- 
standing among the Americans and the Japanese people 
regarding the processes of education in the other nation. 
In each nation there are but few individual exceptions 
to this lack. It is also notably true that the Americans 
lack understanding of the Japanese civilization and that 
the Japanese (except for a relatively few individuals 
among the whole) equally lack a conception of the Ameri- 
can land or the lives of its people. Space available gives 
but little opportunity to deal with these features, but the 
importance of the matter justifies as full an outline as 
practicable. 

In 1868 the Japanese Emperor Meiji shook off the con- 
trol of the Shogun and took full administrative control 
in the nation. Feudalism was overthrown. The Meiji 
Emperor was a man of force and character with a will 
for the betterment of his people. With the advice and 
aid of commissions of able Japanese statesmen sent to 
Europe and America to gather data and formulate 
recommendations, a parliamentary government was 
formed, financial and commercial processes were outlined, 
and education for the masses was established. 

By 1872 a unified plan for elementary, intermediate, 
and higher education was outlined for Japan, following 
rather clearly the French standards in the elementary 
and intermediate processes. By 1880, attendance at 
school by children up to certain ages was made compul- 
sory. These educational processes established under the 
Meiji Emperor have reasonably well fulfilled the expecta- 
tion for old Japan which is set forth in the Imperial 
Proclamation, which reads: ‘‘Henceforward education 
shall be so devised that there shall be no ignorant family 
in the land and no family with an ignorant member.” 

The elementary educational processes have been modi- 
fied from time to time since the early establishment of 
general education, and 
various later doctrines 
which have served well in 
Europe and America have 
been introduced, besides 
modifications which seem 
best suited to the national 
requirements of the Jap- 
anese people. In no land 
is the welfare of the school 
children more cherished 
than in Japan, and solici- 
tous attention is given to 
their physical welfare as 
well as their intellectual 
welfare. As an evidence 
of the results of care for 
the physical welfare, sta- 
tistics are given which 
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show that the stature of the children is increasing in 
height compared with earlier groups. The children 
also are taken on visits to beauty centers (which 
are sO numerous in Japan), to notable temples and 
shrines, to museums of art, and to centers of creative 
thought. 

It is now characteristic of the schools that the children 
work at desks, sitting on benches, instead of following 
the old Japanese custom of sitting on the floor with little 
tables before them. The children are usually in uniform 


Ancient flowering cherry tree in Kyoto, said to be 400 years old 


dress, which is determined by government, those for the 


boys corresponding to trousers and jacket suits such as 


we often see in the west, and for the girls, to skirt and 
blouse suits, such as we also see in the west. These 
garments are much more convenient for wear during 
active exercise or when sitting at the desks than the old- 
time kimono garments, although the latter are commonly 
worn at home on account of their relative comfort. 

The elementary education covers a period of a half- 
dozen years or more. The instruction is done in the 
Japanese language and no foreign language is taught in 
most of the elementary schools. The children follow 
educational processes that are not particularly different 
from those of the western world but much more attention 
is given to bringing the pupils in contact with the national 
ideals than we usually find in the western schools. In- 
deed, the attention which is given to the health of the 
children and the supervision of their athletic exercises 
match our best efforts; and the children’s organized visits 
to seats of great national reputation and natural beauty, 
and to important shrines and temples, excel the corre- 
sponding procedures which we find in the west. 

Through these processes, the children grow up in 
Japan with a wonderful appreciation of the beauties and 
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the symmetries of nature and art in their country, beside, 
being educated in the usual fashion that we associate with 
literacy. The selection of school teachers is made unde 
rigorous requirements relating to preparation for the 
teaching work. 

Secondary education is carried on equally scrupulously 
in Japan, although a much smaller percentage of the 
children transfer from the elementary education into the 
secondary education than we now find in America. That 
is, the compulsory education in Japan only applies (for 
most part) to the elementary 
portion and the age at whicl 
children are released from the 
compulsion is several year 
younger than it is in certair 
of our states. In thinking 
of these things, however, we 
must remember that th 
statutes of Japan apply te 
the whole nation, with the 
exception of special pro 
visions made for Chosen anc 
Taiwan, while in the Unitec 
States we have requirement, 
of different scope in th 
different states. 

For the secondary edu 
cation, one finds schools o 
general education (usually 
referred to as middle schools 
and also vocational schools 
all of exeellent grade. I 
these schools a foreigt 
language is included, whicl 
is usually English, French, o: 
German. Since the emphasi 
is on English, it is possible for an English-speaking visito 
to Japan to find a considerable competency in English 
among the Japanese, and it is almost always easy t 
find an interpreter. The structure of the Japanes 
language is so markedly different from English or any 
other of the western languages that the usual visitor fron 
the west is not quickly tempted to try to learn somethin; 
of the native language, as he is when visiting in wester1 
countries which are neighboring on his own. 

Among the vocational schools there are very adequat 
groups which deal with the particular problems of agri 
culture, industry, and commerce. 

The university program of Japan now is quite extensive 
There are in old Japan 6 Imperial universities, and on 
each in Chosen and Taiwan. These universities, sup 
ported by the government, are all of fine order. The 
are reinforced by many other universities, higher scientifi 
schools, higher commercial schools, research institutes 
and other higher institutions which have not yet reache 
(or are not intended for) the scope required for designa 
tion as Imperial universities, which designation is com 
ferred under statute by the Ministry of Education. Som 
of the institutions other than Imperial universities ar 
the result of private endowments, but many are sup 
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rted by government funds in a manner similar to the 
pport of Imperial universities. Some are sustained for 
nited purposes, such as education and research in the 
Ids of medicine, engineering, agriculture, or other fields 
special import, or as institutes of research in particular 
anches of science. Important research in fields of 
ience, with emphasis on applied science, is also fruit- 
lly supported by government ministries and by private 
dustrial organizations. An official organization, which 
somewhat analogous to our National Research Council, 
supported by the government. 

While schooling is compulsory through adolescence, 
e admissions to Imperial universities and other govern- 
ent-supported institutions of higher education and 
search are usually by competitive examination accom- 
nied by rigorous limitation in the numbers of students 
cepted. Consequently the numbers of students in the 
liversities and higher professional schools are apparently 
3s, proportionally, than we have in America. This 
ems notably true of the engineering classes, medical 
asses, and classes of students in other professional 
anches; but the standards of work in these branches 
e established on an admirably high level. For inter- 
ediate work in these 
anches there are available 
certain proportion of poly- 
chnic schools, commercial 
hools, schools of practical 
Ticulture, and such like. 
Education in science is 
cognized by the Japanese 
vernment and people to be 
feature of great importance 
ring the expansion of the 
panese industries which 
wis going on. <A country 
ming in the last part of 
e nineteenth century, as a 
vice, to develop a western 
pe of education in science 
id an active participation 
industrial production, ap- 
opriately may give first 
couragement to rigorous 
ucation and research in 
proved applications of 
ience, and rely at first on 
e already established na- 
ns for the production of 
ndamental, new, discoveries 
which to build further. 
1is is especially true where ready money is not easily 
‘thcoming for budgets. The wisdom of the Japanese led 
em originally to that practice, but they are now estab- 
hed in full appreciation of the advantages to themselves 
supporting a suitable part of the world’s work of re- 
uch in the fundamental aspects of science. They do 
e latter without lessening their attention to further 
ative work in the useful applications of science or 
sening their enthusiasm for art and literature. 
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Japanese Industrial Development 


Japan is deeply affected by the electric forces set up 
by industrialization, which draw people into increasingly 
populous urban areas. Tokyo, the national capital, is 
associated with Yokohama and 2 intervening smaller 
industrial municipalities to make an industrial area of 
continuous urban population, which is the third largest 
continuous urban population in the world, being exceeded 
only by New York and London. This is Japan’s greatest 
center of commerce, finance, industry, and dipolmacy. 
The seat of the Imperial government (with its imperial 
residence, its ministries, and parliament house) is located 
in Tokyo. The area is one of great intellectual and 
commercial activity. 

Osaka is another center of great industrial and business 
activity, like Chicago, with several million inhabitants. 
Nagoya is still another large and important industrial 
municipality. In addition, industrial activity is widely 
spread over the home islands of Japan. The continuing 
repute that the Japanese are solely copyists and cannot 
become creative industrialists is belied by the factories 
scattered through a wide area in which are manufactured 


A very old Japanese bridge of wood, bronze, and iron, reputed to have been built in 1673 


a variety of originally designed products, often made on 
Japanese machine tools, Japanese looms, and other 
Japanese machinery. 

The Japanese build their own ships and now bid for 
ship construction for other nations. They build their 
own railroad motive-power and rolling stock. They 
design and manufacture their own electrical machinery. 
They are beginning the manufacture of automobiles. 
They manufacture their own steel, although most of the 
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A panoramic view of the Inawashira power development, one of those 
which provide hydroelectric power to the Tokyo Electric Company 
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n ore and much coal must be imported. They are 
idly developing in the field of chemical manufacture. 
ley are notable in the manufacture of textile goods and 
mic goods. And so on it runs through a wide range 
manufactured commodities and _ specialties. The 
panese are pressing for an increased export trade. 
ley are keen competitors, and we must be sagacious as 
ll as alert in protecting our trade situation, even in 
r home markets, if we are to succeed in doing so without 
ious friction. 
The Japanese were copyists (indeed, they were assiduous 
pyists) in the early days of their era of industrialization, 
we also were copyists when we were young in indus- 
alization, and the Germans were copyists (often to the 
tress of American makers of machine tools and other 
chines) in the early 
ys of their industrial- 
tion. Like these other 
tions, the Japanese have 
come competent to 
nnd, industrially, on 
ir own feet although the 
tion woefully lacks pos- 
sion of sources of many 
eded raw materials. 
It is difficult for 
nericans, living in a 
ntinental country pos- 
sing sources of raw ma- 
ials for almost the 
mut of our needs, to 
preciate the gravity of 
> situation for an insular 
tion which lacks in 
ential supplies, and to 
ther appreciate the 
sssure for expansion which that situation imposes. In 
t, it is even difficult for citizens of Great Britain, a 
tion that has met such a situation by the development 
a surpassingly great sea-borne commerce, to view 
mpathetically the efforts of a growing industrial nation 
seeking to assure its position by gaining a like status. 
The Japanese have demonstrated their ambition and 
sir ability, and we must face the fact that they are 
mpetent, and also insistent, as competitors for world 
de in manufactured products. They came late into 
s trade as competitors, but they entered it seriously 
d with the intent to stay. For illustration, with one 
eption of a wooden ship, no ship of more than 1,000 
is had ever been built in Japan before 1895. Now at 
st 4 of their competent group of shipyards and navy 
rds have built ships up to 30,000 tons. 
[he Japanese are industrious workers and very thrifty. 
the agricultural areas, the farm families live from the 
duce of tiny (in our ideas) farms of from 1 to 3 acres, 
ich they intensively cultivate in every available square 
t. Earnings of daughters and sons who have gone 
o industrial employment bring some ready money to 
. pockets of farmers, and (to the farmers) the profitable 
ort of manufactured products seems a life line. In 
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A view in reconstructed Tokyo, showing the Sumida 
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their opinion, this life line must be maintained and the 
nation must be strong in military power and in shipping 
in order that the life line shall be maintained. The 
farmers’ families work long hours over their crops, but 
the hours of industrial workers are limited by law to 
weekly hours that compare on all-fours with those in 
American factories. 

Japan is not a nation of great per capita wealth. It is 
difficult to secure reliable estimates of such wealth, but 
the Japanese government has published certain estimates 
which, converted into dollars on the present basis of 
exchange, make a sorry comparison with our estimated 
per capita wealth. However, such a comparison is super- 
ficial and inconclusive. A yen (Japan’s principal money 
unit) buys in Japan about as much food, shelter, and 
clothing of the character 
demanded by Japanese as 
a dollar buys in this 
country to meet our needs, 
and on this basis of com- 
parison for the yen Japan 
possesses per capita wealth 
which is in keeping with 
that available in several 
of the important European 
countries. Although the 
ratio with our status, even 
on this basis, may still be 
low, the Japanese possess 
a fair amount of working 
capital, and the develop- 
ment of further capital is 
progressing with consider- 
able speed. 

The exigencies of mili- 
tary expansion are absorb- 
ing a great deal of money for nonproductive uses, and the 
public debt is expanding. When doubt is expressed of 
the wisdom of this policy, attention is politely directed to 
the extraordinary magnitude of our ‘“‘New Deal” expendi- 
tures. Pertinent as is this retort, there nevertheless is a 
difference which weakens the analogy. Of the total 
present Japanese funded debt, public and private, per- 
haps one-quarter as much has been borrowed abroad as at 
home and the debt service siphons a good deal of wealth 
away from the country. Establishing textile mills and 
other industrial establishments abroad, as the Japanese 
have done in China, also draws wealth from its native 
land, and diverts wages from homeland wage earners. 
Increased profits accruing to the homeland may not offset 
these disadvantages in the case of a country which is 
without excess of wealth, but the Japanese have proved 
to be astute in commerce and finance and their wisdom 
may enable them to avoid undue difficulty from the situa- 
tion. 


Present Status of Japanese Industry 


The World War had a great influence on Japanese 
industry, and nations meeting Japan in lively competition 
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A scene in Tokyo illustrating the charm of Japanese architecture 


for world’s trade in manufactured products can lay much 
of Japan’s present industrial stature to the impulse arising 
out of the demands of that war. Up to 1914 the indus- 
trial situation in Japan had been for a decade or more in 
a state of expansion at a moderate rate, but during the 
World War, Japanese industries embraced the opportunity 
for very rapidly expanding their world trade, and indus- 
trial production bounded upward accompanied by rapid 
expansion of plant and enlargement of the number of 
industrial employees. The principles of mass production, 
guided by scientific management, were adopted in many 
localities. Manufacture of iron and steel, electrical 
machinery, machine tools, textile goods, ceramic goods, 
chemical goods, matches, portland cement, paper, and 
other commodities were all pressed forward, as also was 
the preparation of foodstuffs. 

The homeland (that is old Japan, which consists of the 
islands of Honshai, Kyushai, Shikoku, Hokkaido, and 
accessory islands), possesses some 48,000 kilometers of 
coast line, indented with some 1,900 harbors, of which 
153 are important. The great industrial cities are lo- 
cated on these harbors, and deep water is directly along- 
side many factories. A great deal of local transportation 
of goods is therefore by water, and shipping is of large 
importance. Bounties for ship building and subsidies 
for ship operation have been part of government policy. 

Electric power, generated both by fuel and water, has 
been largely developed, and power transmitted at 154 kv 
serves the larger centers. It is estimated that 6°/, million 
horsepower in firm power and 13!/, million horsepower in 
6-months’ power may be secured from water power when 
the potential hydroelectric plants are all developed. As 
coal is of reasonable price, much fuel-generated power is 
associated with the water power. If any reader desires 
more specific information regarding the Japanese elec- 
trical industries, he may refer to my very brief article 
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7 relating to them which w 
published in Electrical Wor, 
July 18, 1936. It is said th 
seven-eighths of the houses 
the homeland use electricit 
but the domestic use of kilowa 
hours is actually small becau 
of the few lamps installed 
most houses and the low wai 
age of those installed, a 
modest incomes preclude t 
general purchase of elects 
household appliances. 
Mining is a very old art 
Japan, and a long list of mi 
erals are mined; but, of t 
more important mineral ores a1 
commodities, the supply fro 
Japanese soil is insufficient f 
present industrial demands at 
importation has to be resort: 
to. Nevertheless, Japan no 
is producing most of its oy 
requirements in iron and ste 
using mostly imported iron ore and some imported coz 
Industrial wages of Japan are small (when convert 
to American money at the rates of international exchang 
compared with wages in this country, but (as previous 
pointed out) this makes an inconclusive compariso 
In comparison with cost of food, clothing, and shelter - 
the 2 countries, the Japanese working people are as we 
paid as our working people were some decades ago, ar 
in the many plants, of many varieties of productio 
which I have visited, the working people look health 
well fed, contented, and interested in their work. Of 
manufacturers who feel the pinch of Japanese competitic 
must come to understand that the Japanese accomplis 
ments are not secured by oppression or exploitation of tl 
working people. Acumen and good management, ass 
ciated with an as yet relatively very low cost of livin 
make the combination that has brought the Japane 
competition to success. Aid to export business given t 


the government has also contributed its advantages to tl 
Japanese exporters. 

As to the manufacturing processes of the Japanes 
they are good. They have been greatly improved durit 
Accuracy in mass productic 

Committees participate — 


the past half-dozen years. 
is secured in the factories. 


A Japanese 
private garden 
at Kyoto 
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iternational standards conferences and set standards of 
ynstruction and manufacture for Japan. Refined testing 
iachines, measuring instruments, and other instruments 
f precision of Japanese manufacture are now generally 
vailable. Research laboratories, working devotedly on 
1e problems within their respective fields, are a general 
ature of the industries, the government ministries, and 
epartments of universities. 

As household industries were developed in feudal times 
nd have continued to the present time, many items of 
dustry are still produced in this informal manner. 
uch products are likely to be of variable quality, or of 
yw grade, and the government is reported to have plans 
yr putting all such products through tests and inspec- 
on in case the products are intended for exportation. 
‘his has already been done, for perhaps a dozen years, 
yr raw silk, and may now be in practice for other com- 
10dities. 


ithics and Religion of the Japanese 


Shintoism and Buddhism are the religions most influ- 
ntial in Japan, but Shintoism is easily the first in influ- 
nce, being bound up with the cult of the 3 sacred objects 
the sword, the jewel, and the mirror), and the divine 
aternity of the Emperor. The Japanese are funda- 
ientalists on the divine descent of the Emperor, and 
heir ethics are bound up with that tenet. This gives an 
spect to Japanese ethics which is not found in the ethics 
ecognized in western nations, or recognized among the 
yhinese whose ethics came down through the illuminating 
iterpretation of Confucius. 

Perhaps part of the friction between the Americans 
nd the Japanese arises from this component of ethics 
hich lacks mutuality. We compose 2 peoples with 
resent-day cultural ideals somewhat alike, with ethics 
milar in the main, but with one deeply modifying aspect 
hich pertains to the beliefs of the people of one of the 
ations. The highest ideal of a Japanese citizen is sin- 
srely bound up in loyalty to the Emperor and the welfare 
f the nation. The honor of the Japanese individual lies 
aere first. Man-to-man relations and commercial rela- 
ons trail after, as a matter of fundamental religion. 

The western world has been in diplomatic and com- 
lercial relations with Japan and the Japanese for only 
bout three-quarters of a century. This is a short time 
ithin which to secure mutual understanding between 2 
If-reliant and ambitious peoples who live in such diverse 
tuations and are of such diverse antecedents. Suddenly 
tablished extreme and continuous intimacy requires 
me for making adjustments before understanding is 
stablished and frictions are overcome. This situation 
f sudden intimacy has been imposed on the relations of 
1e peoples of the United States and Japan by the inti- 
acies due to steam-power transportation and new modes 
| quick communication. Sufficient time has not yet 
apsed for the roughnesses of contact to be smoothed and 
ftened by experience and adjustment. 

Can the causes of friction between our 2 nations be 
‘adicated? 
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In the realm of science, a theory is a statement which is 
equivalent to the explanation of any relationships which 
have been discovered to exist between measured apparent 
facts. This serves as a guide in seeking out additional 
relationships. The situation in international affairs, un- 
happily, is too complex for fitting a theory to guide the 
adjustment of relationships. In the example of these 2 
great nations, our differences can only be adjusted by 
continued mutual observation, self-restraint, tolerance, 
and good sense, which lead to mutual respect and appre- 
ciation. 


Engineers and Economics 
(Continued from page 207) 


with discussion by others. But the situation is so vast 
and complicated and has so many divisions which interact 
on each other that it seems to be beyond individual effort 
and to call for the kind of mass attack which our great 
industries use in their research and engineering depart- 
ments for dealing with their physical problems. The 
telephone industry furnishes outstanding illustration of 
what I mean. Theodore Vail, and the able men who 
succeeded him, appear to have set for themselves the ideal 
goal of producing communication machinery through 
which anyone anywhere in the world may talk to anyone 
anywhere else, and they have gone an amazing distance 
toward the realization of that goal. That has involved 
dealing with a vast complexity of subjects which range 
from elementary engineering to advanced and difficult 
mathematics and physics. How far would the art have 
progressed by now if the leaders of the industry had con- 
tented themselves with development by the tedious and 
uncertain processes by which we have been satisfied for 
the most part and until recently, to allow our knowledge 
of economics to translate itself into working plans? 
They organized for the attack on their problem great re- 
search and engineering establishments, staffed them with 
the ablest men they could command, and backed them 
financially on a magnificent scale. 

A few similar organizations for mass attack on the 
economic problem are already in existence. The National 
Bureau of Economic Research and the Brookings Institu- 
tion, already referred to, are 2 outstanding illustrations. 
Others, such as the Falk Foundation, The Twentieth 
Century Fund, and the National Industrial Conference 
Board, might be mentioned. In varying degrees numer- 
ous other organizations deal with limited areas of applied 
economics. Graduate schools of business administration, 
management societies, trade associations, etc., are in this 
class. It is a common experience of engineers, as they 
rise in their profession, to find themselves drawn more and 
more into management and administration, and through 
these interests into association with organizations of the 
kinds just mentioned. Here they have an opportunity 
to carry the engineering approach into a field where it is 
much needed, and to help build on the basis of economic 
theory and knowledge a socially useful art of economics. 
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Unemployment in the Engineering Profession 


S FAR as is known, the 
recent depression was 
unique in its disastrous 

repercussions upon professional 
groups. Unemployment has 
for decades been recognized 
as a major form of insecurity 
affecting wage earners, and 
fairly reliable data concerning 
this have been made available from time to time. Precise 
knowledge as to the extent of the depression’s impact 
upon professional workers, however, has been lacking. 

As a result of a survey of the engineering profession 
undertaken in May 1935 by the United States Bureau of 
Labor Statistics, at the request of American Engineering 
Council, it may now be said that at the end of 1932 more 
than 1/1 of the engineers were simultaneously unem- 
ployed, that at one time or another between the beginning 
of 1930 and the end of 1934 more than 1/3 of the engineers 
had some period of unemployment, and that half of those 
who became unemployed were out of work for more than 
a year. Unfortunately, there are no comparable data 
for the other professions. 

From the 52,589 reports from professional engineers 
throughout the country, the following summary analysis 
of unemployment, including work relief and direct relief, 
may be presented: 

1. Between the end of 1929 and 1932, the percentage of engineers 


who were unemployed increased from 0.7 to 10.9. At the end of 
1934 the percentage was 8.9. 


American 


2. At no time was direct relief extensive among engineers, but the 
development of work-relief programs after 1932 became an impor- 
tant factor. Although 10.9 per cent of all engineers reporting were 
unemployed on December 31, 1982, less than 1/15 of those unem- 
ployed were on work relief. On December 31, 1934, 4.0 per cent 
of all engineers reporting had work relief, that is, almost half the 
total number of engineers unemployed at that time. 


3. The largest number unemployed at any one time was about 
11 per cent of the total, but more than a third of the engineers had 
some period of unemployment within the 5 years, 1930-34. 


4. Among those who became unemployed at some time during 
these 5 years, half were out of employment (except as they found 
work relief) for more than a year. 


5. This experience with unemployment was common to all pro- 
fessional classes of engineers. In 1932 unemployment ranged from 
10.1 per cent among chemical and ceramic engineers to 11.6 per 
cent among electrical engineers. In 1934 approximately 8 per cent 
of the electrical, mechanical, and industrial and of the mining and 
metallurgical engineers were unemployed. The percentage of un- 
employment dropped most among chemical engineers, of whom 6.8 
per cent were unemployed in December 1934. There was a slight 
increase in unemployment among civil engineers from 1932 to 1934. 


6. The most marked differences as regards unemployment are 
those found among the various age groups. The greatest frequency 
of unemployment was among those who attempted to enter the 
profession after 1929. Approximately half of them were unem- 
ployed at one time or another from 1930 to 1934. Older engineers, 
who were already professionally established prior to 1929, were less 
frequently unemployed, though even among those with 20 or more 
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Reporting further upon the results of the 1935 

survey of the engineering profession conducted 

by the United States Bureau of Labor Statistics, 

at the request and with the co-operation of 

Engineering Council, this article* 

presents the Bureau's analysis of the unemploy- 
ment data obtained. 


Unemployment Among Engineers 


years of experience !/, had so 
unemployment. 


7. When the older engineers | 
came unemployed, however, 1 
employment lasted longer than 
did with the younger enginee 
Thus, the median period of une 
ployment for engineers graduati 
in 1925-29 was 12.1 months, whe 
as the median for those graduati 
prior to 1905 was 23.1 months. 


8. The effect of this longer period of unemployment among olc 
engineers was cumulatively to produce a higher percentage of 
employment among older engineers than among younger enginee 
Thus, in December 1934, 11.5 per cent of the engineers 53 years 
age or more were unemployed, in contrast to an average of 7.3 f 
cent of the younger engineers who were exposed for the same peri 
to the risk of possible unemployment. 


9. The type of education the professional engineer had receiy 
did effect variations on both the incidence and severity of unet 
ployment. These factors were very much less for postgraduat 
than for engineers with other types of education. But as betwe 
engineers with first degrees in engineering and those whose colle 
course was incomplete or who had attended noncollegiate technic 
schools, the differentials were very slight. 


10. The influence of regional location on unemployment was pra 
tically negligible, whether considered from the point of view 
differentials in incidence or of severity of unemployment. 


The sources of these data are the replies received to 
questionnaire mailed to 173,151 engineers. One questia 
called for employment status on each of 3 dates, thu 
giving a cross section as to employment, unemploymen 
work relief, and direct relief on December 31, 1929, 193: 
and 1934. From these reports the general trends « 
unemployment have been traced. A second questio 
related to the number of months of unemployment ove 
the 60-month period January 1, 1930, to December 3: 
1934. Consequently, it is possible to measure the inc 
dence and severity of unemployment, work relief, an 
direct relief for 5 years of the depression, as well as « 
other dates. . 

In keeping with the other analyses of this survey 
these subjects, wherever warranted, are so presented a 
to determine their significance when related to (1) typ 
of education, (2) professional class, (3) age, and (4) regions 
location. 


Unemployment at End of 1929, 1932, and 1934 


The first part of the discussion will be concerned wit 
trends in unemployment. For the country as a whol 


* Essential substance of an article prepared by A. F. Hinrichs, chief economis' 
and Andrew Fraser, Jr., of the Division of Wages, Hours, and Working Cond 
tions, Bureau of Labor Statistics, United States Department of Labor, whic 
article was published in the January issue of the Monthly Labor Review. Thi 
is the second of a series of summary articles covering the results of this survey} 
The first article dealt with the educational qualifications of the engineer, an 
was published in the Monthly Labor Review for June 1936 (page 1528); al: 
reprinted as Bureau of Labor Statistics Serial No. R400. The essential sul 
stance of the first article was published in the August 1936 issue of ELECTRICA 
ENGINEERING, pages 863-7. A detailed report of the survey will be publishe 
later in bulletin form by the Bureau of Labor Statistics. 
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e was an appreciable decrease in unemployment ships occurred in 1934, although, for all but civil engineers 
ng professional engineers between December 31, the decrease in unemployment was marked. 

, and December 31, 1934. Thus, while the propor- There is no clear evidence in table I of a relationship 
unemployed on December 31 ‘rose from 0.7 per cent between the extent of unemployment among those engi- 
929 to 10.9 per cent in 1932, it had declined to 8.9 neers whose college work was incomplete, or who attended 
cent by 1934 (table I). noncollegiate technical schools, and those who had first 
he decreases in unemployment among engineers from degrees. 

1 to 1934 must not be thought to imply an increase in 
proportion engaged in engineering employments. 
le a larger proportion! of the engineers were employed The outstanding feature of table II is that a larger 
934 than in 1932, the gain, if all professional classes proportion of the older engineers remained unemployed 
sonsidered in combination, occurred in nonengineering on December 31, 1934, than was true of those graduating 
<. Increases of nonengineering employment were from 1905 to 1932. Further inspection of table II shows 
icularly important to electrical engineers. Only in very clearly that by December 1934 many of the older 
case of mining and metallurgical engineers was there engineers were still unable to obtain work; and there is 
rge increase in the percentage reporting engineering .a very strong presumption that the preference in new 
loyment. hirings was given to the younger man. This is partly 
he most striking fact in table I is the narrow range explicable on the grounds that, first, the older engineers 
he proportions of unemployment among the various probably were in a better position financially to weather 
essional groups for each of the 3 periods. This is the continuing depression, and second, that the available 
cially true for 1932 with a range of from 10.1 per professional employment opportunities were of such a 
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e |I—Per Cent of Engineers of Each Professional Class Unemployed* on December 31, 1929, 1932, and 1934, by Type 
of Education 


Per Cent Unemployed on Dec. 31— 


1929 1932 1934 
Others with— Others with— Others with— 
Non- Non- Non- 
All col- All col- All col- 
Types First College legiate Types First College legiate Types First College legiate 
of Post- Degree Course Tech- of Post- Degree Course Tech- of Post- Degree Course Tech- 
Edu- gradu- Gradu- Incom- nical Edu- gradu- Gradu- Incom- nical Edu- gradu- Gradu- Incom- nical 
Professional Class t cation ates ates plete Course cation ates ates plete Course cation ates ates plete Course 
= PORE Sede Ga OOM ROME ce Tote oe Ono erus OF reread crests O69 wave bal oreneres 100 ence Bo AB Ms eee! AO) enc 3 Reel Rceyee Pree 8.9. ...6.3 Ooh cased OL Sate OLO 
Mealianid, CEFAtliC)s > c\.c)sis.¢ 2 c.s. 6's Qe crs ape Oa ai iGis sae sas se tre te LON Os 0 UU Sirctere FeO Veter Os Olina ees GrSqaeore bh aMiavsare LOLS ea OLO 
apricultural, and architectural...0.7...:0:5....0.7:...0.8....1.4.; -10.5....9.4 S10: Saeel Olean lieeas 10:32. 9:6  10:9%. 25-0129 aS 3 
Meee ORNs MORN Pees er ete eG ave Siphon ss OS ans OLS Oli ce Ol Brac AsA otis cots 11.6....8.5 LD Bareters, Os Orctare 3d Of ie tenenerecs EHOG sa niet AOS ion Osea otO 
med RanGui ai stitial feet. anaes Old al Dera i Ol8s, 10. OL9i, 2 Ordre pila bees Seer sae 8 sR S ie re LO emt Ol Oey ows TAOn ee ano) = TD sd Stan) OLS) 
Peauarinetalareicals... 0-06 eee cle «pO ars Ske ues Meds cnc iGe FLO Ose 9-3 .12.0 eB) ohne Os Ore sioenese 8:30 SSS Shales 


luding those on direct relief and work relief. 

sse figures are believed to be without significance. 

. total numbers of engineers in the various classes reporting unemployment is not shown in this article, but will become available in a statistical appendix to 
sluded in the complete report to be published by the Bureau of Labor Statistics. While the percentage of unemployment was 1/5 less in 1934 than in 1932, 
umber of engineers reporting employment in 1934 was 48,124 as against 40,721 in 1932, due to the entrance of new persons into the profession. The number 
ting unemployment dropped from 4,448 in 1932 to 4,288 in 1934, a decline of less than 4 per cent. Due to the overrepresentation of recent college graduates 
» sample and the high percentage of unemployment among them, the total number reporting unemployment in 1934 should not be compared with the total 
er reporting unemployment in 1932. 


for the chemical and ceramic engineers group to nature as not to be in keeping with their experience or 
per cent for the electrical engineers. their customary salary status. 

In summary, this analysis of trends shows that: (1) 
there was a distinct improvement in the unemployment 
he type of education the engineer had received status of professional engineers between December 31, 
‘ted the extent of unemployment (table I). Thus, 1932, and December 31, 1934; (2) there were but slight 
932 the proportion of all postgraduates who were differences in the incidence of unemployment among the 
mployed was only ?/; that of graduates with a first various professional classes in 1932 and, except for civil 
ee in engineering. Among chemical engineers and engineers in 1934; (3) engineers who had received post- 
hanical engineers, the difference in favor of the post- graduate degrees fared better than engineers with other 
luates was greatest. The smallest difference occurred types of training; and (4) as between older and younger 
ng civil engineers. The same characteristic relation- engineers, the former not only felt the effect of the drop 

in business activity earlier than the latter but unques- 
_ should be emphasized that increases and decreases referred to are with . ‘ é : 
nce to a shifting total sample. See footnote to table I. tionably were still lagging, at least until December ol, 
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1934, in the return to professional activity. In general, 
it may be said that in this period of contraction of business 
activity, the inexperienced newcomer had greater diffi- 
culty in securing a professional status than any other 
class, that those with 5 to 25 years’ experience fared best 
as regards unemployment, and that there was little 
difference (except for chemical engineers) in the per- 
centages of unemployment at a given date between those 
with less than 5 years’ experience and those with more 
than 25 years’ experience. 

In a period of expansion the younger and the more 
inexperienced engineers have a definite advantage. The 
normal method of recruitment at the bottom is followed. 
It is to be noted from table II that by December 31, 19384, 
the percentage of unemployment in all professional classes 
showed little variation between the age groups that 
entered the profession as late as 1932 and those with an 
upper limit of 53 years of age. However, there is evi- 
dence that in the 4 largest professional classes unemploy- 
ment continued to be relatively high among the group of 
engineers who were more than 53 years of age in 1934. 


Incidence and Duration of Unemployment 
Among Professional Engineers, 1930-34 


The preceding discussion presented unemployment 
data as of given dates, but gave no measure either of the 
number who were unemployed at other times during 
the 5-year period or of the length of unemployment. 
Light is shed on these points by the data obtained as to 
the period of unemployment, that is, the number of 
months during which the engineers were on work relief? 
or were without work of any kind. The data in this 
section therefore afford a measure of the gross or over-all 
period of displacement from regular employment, without 
regard to the mitigating effects of various types of relief. 

More than 35 per cent of all the engineers reporting 
were unemployed at one time or another within these 5 
years, as against about 11 per cent who were unemployed 
on December 31, 1932. The percentage who reported 
unemployment at some time during the 5 years, January 
1, 1930, to December 31, 1934, with a classification by 
age and type of education, is shown in table III. The 
slightly lower incidence of unemployment for the ‘‘other’’ 
engineers is explicable on 2 grounds: (1) As a statistical 
“freak,” arising out of slight differences in the age dis- 
tribution of graduates and ‘‘other’’ engineers; and (2) the 
longer experience record of ‘“‘other’’ engineers, for the 
graduate sample is especially heavily weighted by new- 
comers to the profession during the depression period 
1930-34. For each particular age group shown in the 
table there is a slightly higher percentage of unemploy- 
ment. 

It is evident from table III that unemployment was 
greatest among the newcomers to the profession and 
decreased with the age of the engineer. In all profes- 
sional groups there appeared an age beyond which there 
was apparently a common risk of unemployment. That 


2. Excluding work on P.W.A. projects and in nonrelief administrative posi- 
tions in the public service. 
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age varies among the several professional classes. 
civil engineers it was 43 years, whereas for electrical, 
mechanical and industrial engineers it occurs afte; 
years of age. . 

It may be noted that for the 2 youngest age groups 
percentages affected by unemployment are practically 
same for all 3 types of education, with roughly half 
engineers who entered the profession during the dey 
sion period reporting some period of unemployment. 

These findings seem definitely to extend the conclus 
reached earlier as regards the influence of educati 
background. Table I showed less unemployment 
1932 and 1934 among those with post-graduate deg 
than among those with first degrees, but there were 


Table Il—Per Cent of Engineers in Each Professional ( 
Unemployed* on December 31, 1929, 1932, and 1° 
by Age or Year of Graduationt 


Per Cent Unemployed on Dec. 31— 


Approxi- Year 
mate of Civil, 
Age in Gradua- Agricul- Mechani- 
1934 tion tural, cal M 
of of Chemical and and 
“other” Graduate All and Archi- Elec- Indus- M 
Engineers Engineers Classes Ceramic tectural trical trial lu 
1929 
§3and overt Prior to1905..... 1.9.... O7.... 1:7... 212.... LSaeeee 
43-52....... 1905-14..... Oe O5r..6 O19... 3 O3,.28 OC Ree 
338-42 ....54 1915-24..... 0.4. 65 0.5. cis, O145...2° 053.5. = OL 
28-32 oo. cas 1925-29..... 0.4.2.5 0.8.... 0.3... 0:4...... O16 3eeeee 
DOR oT oe a. se 1930-32. c5 oc. Sichec eden eo oye ete dis nlereere eo ete teverte tate ee Cee 
23-04 sew 1933534). oiss.c0¥ cacialostete) «asdaved sree ersie ieee ee 
1932 
53.and overt Prior to 1905. ...10.9.. 2. 3.9....11.2... 100... .13ceeee 
43-52. 0.545. 1905-14..... BoC. TQ 8.85.6 Telia SiOmeene 
33-42. eee 1915-24..... 8:0.... 5.0.... 8:9.... 6.6.5.5 Sven 
28-32....... 1925-29..... 10.6. ...:. 8:8..5....10/2.2 5579.9). so eee 
DOr Disses 1930-32..... 16.6.......15.8... 14.7... 320:2: . :.. 15:6 
Ds 2: Sa a RS Ss 2 a re er eS 
1934 
58and overt Priorto 1905.....11.5.... 5.9....12.3....114....10. 20a 
43-52....... 1905-14..... Sil: 4a oes GO se 3 Cad sere 
33—-42........ 1915-24...... W202... 44.4%. 8.940. 5152.5.) 620 See 
QBS 2 ise. s 90 1925-29..... VO oc BO. s VBs.c.2%. 10.0525 kOe 
25= 20 shea eicte kA GSO SOs cnet 8.0. 6... 4:92....11-5....5 «46.9.5. cohen 
23-24. .2.2.. 1933-34..... 13:9........ 11,9)... 18.0. .....14.6......10:42eee 


* Including those on direct relief and work relief. 

+ In order to obtain a datum whereby direct comparisons could be made bet 
engineers with and without degrees, the median age of graduation amon; 
several professional classes was computed. This was found to be 23 3 
Consequently, the data were so tabulated to permit of groupings by yee 
graduation and corresponding year of birth for each of the periods 1929, 
and 1934. In this table engineers with college degrees in the years indi 
are combined with ‘‘other’’ engineers of the ages given in the table. 

t The criticism has been made that the percentages of unemployment s 
here relate to the indefinite group of those “53 and over.’’ The figures v¥ 
presumably be smaller if the group were closed at 62 years of age. It is 
certain from the contour of the percentages both in 1932 and 1934 tha 
percentage continues to rise with age. It is also certain that the high 
centages shown are due to the persistence of unemployment when it oc 
rather than to a rising risk of unemployment. 


decisive differences between first-degree graduates 
“other” engineers. It may now be stated that this 
not due to the age composition of the 2 groups, for w 
age is considered (table III) the college graduate « 
appear to have an advantage. 

For further consideration of the incidence of un 
ployment by age, the data in table III are shown f 
distinct groups of engineers, those entering the prc 
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1 during the depression years 1930-34 and the 4 older 
ups who had entered the profession prior to 1929. 
sse 4 older groups had a common experience as regards 
period during which they were exposed to the risk 
unemployment. However, the younger engineers 
e exposed to a shorter period of risk, a factor of great 
ortance when the length of their employment is 
sidered. They were also subjected to the necessity 
naking their way into the profession under singularly 
icult conditions. Length of exposure appears to have 
n a factor even as regards the general incidence of 
mployment, for a slightly larger proportion of those 
) graduated in the period 1930-32 were unemployed 
ing this 5-year period than was the case for those 
duating in 1933-34. 

ior the 4 older groups, all entering the profession before 
0, the largest percentage of unemployment occurred 
yng those who entered slightly before the beginning 
he depression. There appears to have been no greater 
dence of unemployment among engineers 53 years 
age and over than there was among those 43 to 52 
rs of age. Therefore, relating this analysis to the 
ceding discussion of table II, it can only be concluded 
t the higher percentage of unemployment for the 
est age groups as of December 31, 1932, and Decem- 
31, 1934, is due not to the more frequent occurrence 
inemployment but to the greater length of the period 
inemployment when loss of position occurred. 

‘hese findings as regards the extent of unemployment 
yng engineers in general are confirmed by the analysis 
he separate professional classes of engineers shown in 
le IV. 


riods of Unemployment 


Gross unemployment”’ is used in this section to cover 
ods of work relief or periods without work of any kind. 
: figures show the median periods of unemployment.* 
able V shows the median periods of unemployment, 
age, education, and professional classes, during the 
sar period. In connection with the age classifications 
wn it is important to remember the period of exposure 
he possibility of unemployment. 
here are significant differences in the period of unem- 
rment as between the various age groups of engineers 
as between engineers with different types of educa- 
al baekground. There are real differences between 
several classes of engineers, but professional class had 
ss marked influence on the average period of unem- 
ment than either age or educational background. 

he influence of educational background appears to be 
istent whether the data are classified for each of the 
essional classes or for all engineers combined. How- 
, the difference of almost 5 months in the median 
od shown in table V as between all college graduates 
jout regard to age and all those whose college course 
incomplete exaggerates the spread. It may be that 
€ was no spread in the case of the older engineers; 


1 other words, the middle point, half the engineers having had a longer 
1 and half a shorter period of unemployment. 
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Table Ill—Percentage Distribution, by Age and Type of 
Education, of All Engineers Reporting a Period of (Gross*) 
Unemployment, 1930-34 


Age College Graduates: 
(in Years) Per Cent Reporting 
Item in 1934 Unemployment 
Allbgraduatin eclassess.y.. sees en ee nee eee 7 oie ie ne eres eaemupiee eket 37.8 
Entered profession during 1930-34: 
Graduated in— 
LOS SASS Femy. stecedacvsc onli tater tats wet el etna satire QB 24 iors 5: 5-23 eaten 47.1 
AQ SORO2 Mibwere aw ehecd ey ety eaten oe omen levees QO R271 a ne eet aejaralaye 53.5 
Entered profession in 1929 or earlier: 
Graduated in— 
192522 Oi amie ave eusvaratsictnw raretengisteun © acuta rnnearere 28-32 )one os siete 36.0 
LOU DADA io sewetore comely iva wns acie Yor ates ete yas exc ee PS ee OS ee ee a 27.1 
1905214. eet rte ro barh Ave aalaene A345 6 es ee tne 23.8 
Piotr £0: OO Ota. tc ciesrte seem oy cee cree re Doce es er eae 23.5 


Other Engineers With— 


Non- 
College collegiate 
Course Technical 
Incomplete Course 
Age So 
(in Years) Per Cent Reporting 
Item in 1934 Unemployment 
PTI SOAS 5 Sie cus eaten oie ta asta ee ee netas eaccnce seamen Sen Ro oe tone seen 35.4 . 35.6 
Entered profession during 1930-34: 
Born in— 
DOLO=1 4) SE at veer cts Te = eed ee ee QOH 24: hte AT Osea 48.2 
TL9O5509; Pee hee oe ee ae ene Dba 29) een 49:5. sete 49.8 
Entered profession in 1929 or earlier: 
Born in— 
1900504 see Sh hontai Sects chs oc tieaeyetoane 30-34...... 39: Olesen 41.4 
VSG S29 OF eensonc eal re ee eee Sb-o9e ete 33:4: Fhe 34.1 
Prior £0,185. tetes sorority enaia in eeeenitese cutest ZO aaeeey.c 80:4 scene 32.3 


* Includes periods both of direct relief and work relief. 

This table does not show the percentage of unemployment among engineers 
with only a secondary-school education, for their number was too small to 
warrant classification by age. The percentage of unemployment among all 
such engineers was 22.6. 


the impossibility of making identical age groupings pre- 
vents any other conclusion than that, in the case of older 
engineers, educational background is no longer a deter- 
mining factor. Comparison of the median period of 
unemployment in similar brackets beginning with the 
engineers who were approximately 30 years of age in 1934 
indicates that unemployment lasted only 1 or 2 months 
longer in the case of those with an incomplete college 
record. Although in the case of the 2 youngest groups 
of engineers the college graduate appears to have had 
some advantage, there is reason to believe that the differ- 
ence between an average period of 7!/. months for the 
graduates of the classes 1933-34 and 12'/. months for 
those 20 to 24 years of age with an incomplete college 
record is due in large part to the fact that the latter 
group had a longer work history and consequently a 
longer period of exposure. For civil engineers classified 
on an age basis there was also a persistently longer period 
of unemployment for those with an incomplete college 
record. 

As between the 2 types of “‘other’’ engineers, the differ- 
ence of 1 month in the average appears to arise from the 
experience only of the younger engineers. For those 
over 35 years of age in 1934, there was no difference. 
In the younger age groups the differences ranged from 
1.3 months to 2.5 months, and in all cases, those with an 
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Table |V—Percentage Distribution, by Age and Professional 
Class, of Graduate and College-Incomplete Engineers 
Reporting a Period of Gross Unemployment,* 1930-34 


Per Cent Reporting Unemployment 
Graduate Engineers 


Civil, 


Age Agri- Mechani- 
(in Chemi- cultural, cal Mining 
Years) cal and and and 
Graduating Class or Year in and Archi- Elec- Indus- Metal- 
of Birth 1934 Ceramic tectural trical? trial lurgical 
All-graduating classes. oe. setae ve 33.0. ...41-8.. 5.36.9). =. .35.0)..5.83.9 
Entered profession during 
1930-34: 
Graduated in— 
NOSS—S4 sete crarsteresans re 23-24... .40.3....55.1....48.9... .40.7... .45.6 
TOSORSD Seer eater cvncets DO=2ilieleial; AA dia OO rein HOA A Ss OR en oO Lue 
Entered profession in 1929 
or earlier: . 
Graduated in— 
NODS = 29) seis sree oon eters 28-32 \ 29.8 ALO We ONO a tose eo ee OOSE 
HOUG=DA vag eles oe 33-42 Seta S4eAl arenes! OG ean 
NQQS=T4A Es Gree se Gigre ns 43-52 \ 15.1 26i8n. oe Lise 2 427 fe 289 
Prior to 1905.......... RES SPOS, a ciclltoiln sn PRT 
Engineers With College Course Incomplete 
A lWaleese sartthrcate cere avatn ee Gnorirers ovale Sete heen SOM ere inet BIk2 wae ii 
Entered profession during 
1930-34: 
Born in— 
LOVQ=14 re casey orecerste re 20-24..... toes 65:9. sae i LANES roe T 
1905=09;4040-4 2 Soe emia 25-29..... eer BEB ons nc t TO, a. t 
Entered profession in 1929 
or earlier: 
Born in— 
T9002 04 Cee erences cee kaye 30-34..... Te cans 43 One ee Ay TS4 Aram t 
WSO5—99 oie ere siitvonssetne 35-39..... Taaexets BY fitsin oon Tt t29°S ree T 
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* Includes periods both of direct relief and work relief. 

+ Included with mechanical and industrial. 

t Includes chemical and ceramic, electrical, and mining and metallurgical. 

a. The high general average for electrical engineers shown in the table is due 
to an especially high rate among the newcomers to the profession. 

It should be noted that in the case of all graduate engineers, it was necessary 
to make certain combinations of professional classes. Thus, a small number 
of ceramic engineers were combined with chemical engineers. Civil, agricul- 
tural and architectural engineers were combined, but the group was dominated 
by civil engineers. Mechanical and industrial engineers were combined, as 
were also mining and metallurgical engineers. In the case of the ‘“‘other” 
engineers there were too few cases of noncollegiate technical-school graduates 
to warrant tabulation of the period of unemployment by both age and pro- 
fessional class; hence, only the data for those whose college course was incom- 
plete are tabulated. This group has been divided to distinguish civil, agri- 
cultural, and architectural engineers trom mechanical and all other types of 
engineer. Inasmuch as the unemployment experience of civil engineers differed 
from that of all other classes, this grouping into 2 categories makes possible 
general comparisons between the unemployment experience of graduate engi- 
neers and those with an incomplete college course. The percentages of these 
various professional classes of engineer who reported unemployment at some 
time during the 5-year period, 1930-34, are shown here by the age groupings 
heretofore shown. 


incomplete college course had the shorter period of un- 
employment. 

The average length of the period of unemployment 
increased with age. Whether the differential for non- 
collegiate technical-school graduates of these ages is real, 
or is due to certain peculiarities of the sample, cannot be 
said; but for all professional classes of engineers there 
was also a slight increase in the average period of unem- 
ployment among those who graduated before 1925 as 
compared with those who graduated later. By and large, 
however, those engineers who were 30 to 40 years of age 
and became unemployed were unemployed for 12 to 14 
months, but within these limits age was not an important 
factor. 

It is interesting to note that the engineer who entered 
the profession during the period 1930-32 had an average 
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period of unemployment almost identical with that for 
the engineers who had entered just prior to the depression, 
This was true in spite of the fact that the younger men had 
a shorter period of exposure to unemployment; their 
lack of experience obviously militated against their 
absorption. 

In general, it may be said that the average period of 
unemployment for graduate engineers tended to increase 
from about 1 year for those who graduated between 
1925-29 to almost 2 years for those who graduated prior 
to 1905. The older engineer suffered from unemployment 
because of its greater length when it occurred rather than 
because of its greater frequency. Although the propor- 
tion of those who became unemployed over the 5-year 
period was only 2/3; as great for the oldest group as it was 
for the youngest group to enter the profession prior to 
1930, when unemployment did occur it tended to last 
twice as long in the case of the older engineer. 

Comparison of the severity of unemployment among 
the professional classes is confined to those 4 age groups 
that had entered the profession prior to 1930, for averages 
could not be shown for all age classes of chemical and 
ceramic engineers, as the number of those over 33 years 
of age was too small to allow of subdivision. It is appar- 
ent, however, that the average period of unemployment 
was not more than ?/; as long for chemical and ceramic 
engineers as for the various other classes. The period 
of unemployment of mining and metallurgical engineers 
was probably somewhat shorter in the various age classi- 
fications than it was for the 3 larger professional classes. 

The general averages indicate comparatively little 
difference, as regards the period of unemployment, 
between civil engineers and electrical and mechanical 
and industrial engineers. 

Although unemployment occurred more frequently 
among civil engineers than in any other engineering class, 
its severity was slightly less than for the other classes. 

The median periods of unemployment cited show clearly 
enough the differences among the various groups. Long 
as these average periods were, they still fall short of con- 
veying the full picture. This may be gathered from 
table VI, which shows the percentage of engineers who 
reported varying periods of unemployment. It covers 
only engineers with college degrees received in 1929 or 
earlier years, without regard to professional class. 


Public Relief Among 
Professional Engineers, 1930-34 


In the majority of cases engineers survived without 
public assistance their periods of unemployment from 
1930 to 1934. This was especially true of those whe 
entered the profession prior to 1930. 

The first data to be considered are with reference tc 
direct relief. Fewer than 1 per cent of the engineer: 
reported themselves to have been unemployed on Decem 
ber 31, 1929. At that time there were no work-relie 
projects and none of the engineers reported themselves 
as on direct relief.‘ Nearly 11 per cent of all engineer: 
reported themselves as unemployed on December 31 
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932; 31 engineers reported themselves as on direct 
elief—less than 4/9 of 1 per cent of all the engineers and 
/> of 1 per cent of the number reporting unemployment. 

For the 5-year period as a whole, receipt of some direct 
elief was reported by 0.8 per cent of all engineers with 
ollege degrees and about 2 per cent of those who attended 
oncollegiate technical schools or who did not complete 
heir college courses.® 

Engineer’s training was required in the administration 
f many of the projects designed to benefit other groups 
n the community. There was also a large increase in 
onrelief forms of public employment. This was of par- 
icular benefit to civil engineers, of whom 8.5 per cent 
vere employed by the Federal Government on December 
1, 1929, and 18.6 per cent were so employed on December 
1, 1934. For civil engineers the increase in this form 
f employment was greater than the increase in work relief. 

Despite the increase in public employment, work-relief 
rojects were the main source of assistance to those who 
vere unemployed. On December 31, 1932, when nearly 
1 per cent of the engineers were unemployed, only 
.7 per cent were on work relief. Two years later 4.0 per 
ent of all engineers were on work relief, which was ap- 
roximately half of the total number of engineers unem- 
loyed at that time. 

The reports for December 31, 1934, show striking 
lifferences in the extent of work relief as between civil 
ngineers and other professional groups. At that time 
.6 per cent of all civil, agricultural, and architectural 
ngineers were on work relief, as compared with only 2.3 
yer cent of all the other professional classes combined. 
The difference probably reflects chiefly the development 
f work programs that called especially for the civil engi- 
leer’s training; it also reflects the fact that the total 
mount of unemployment among civil engineers in their 
lormal fields increased from 1932 to 1934, whereas it 
lecreased in the other professional classes. The greater 
mount of work relief among civil engineers balanced 
heir more widespread unemployment. There was com- 
varatively little difference between civil engineers and 
he other professional groups as regards the net amount 
f unemployment on December 31, 1934; those entirely 
vithout work (including work relief) formed 4.2 per cent 
f the civil engineers as compared with 5.3 per cent of the 
ther types combined. 

Work relief was slightly more common among engineers 
vithout college degrees than among those who were 
ollege graduates. The situation with reference to direct 
elief has already been noted. Among the civil engineers 
.2 per cent of the college graduates, as against 7.9 per 
ent of the others, were on work relief on December 31, 
934. For the 5 years as a whole, 18.4 per cent of the 


In this survey, work relief is defined as emergency employment, usually 
1ade available on the basis of need, by such agencies as C.W.A., F.E.R.A., 
nd W.P.A. It does not include engineering work on P. W. A. projects, which 
hould have been reported either as a form of private employment or as Govern- 
1ent employment for those engineers working in the Public Works Adminis- 
-ation itself. It also does not include engineers hired for strictly administra- 
ve work by the various relief administrations. There was some overreporting 
f work relief and a corresponding underreporting of publicemployment. Dhurect 
slief refers to direct financial or other assistance from any public authority. 


_ In New York City, direct relief appears to have been more extensive 
1rough the Professional Engineers Committee on Unemployment than through 
ublic agencies. 
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graduate civil, agricultural, and architectural engineers 
group reported a work-relief experience, whereas 19.6 
per cent of this same group of professional classes with 
an incomplete college course so reported. 

Comparison of the proportions receiving work relief at 
the close of 1932 and 1934 indicates that the older engineers 
were favored prior to 1932, while the more recent graduates 
were being favored in 1934. In 1932 the group graduating 
in the period 1930-32 had a larger proportion of its mem- 
bership unemployed than any of the other age classes, 
but the proportion on work relief (0.6 per cent) was 
slightly less in December 1932 than the proportion among 
the older engineers (0.8 per cent of those graduating 
from 1915-29 and 0.7 per cent of those graduating prior 
to 1915). Among the civil, agricultural, and architec- 
tural engineers the difference in favor of the older groups 
was marked, work relief being reported for only 0.5 per 
cent of those graduating from 1930 to 1932 as against 
1.0 per cent of those graduating from 1915 to 1929. By 


Table W—Median Period of Gross Unemployment,* by 
Age, Type of Education, and Professional Class, 1930-34 


——— 


Period of Gross Unemployment 
(in Months) of— 


Graduate Engineers 


Civil, 
Age Agri- Me- 
(in cultural chanical Mining 
Years) Chemi- and and and 
in All caland Archi-  Elec- In- Metal- 
Graduatiug Class 1934 Classes Ceramic tectural trical dustrial lurgical 
All graduating 
CIASSCG Sprawkucicpeis aaron 19.42. .400 450.00. SE. DAS aU anos 
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1933-34....... Dd OA feiandl 0 OiMevevey ode Osher) AEs cache AC hele ee ae OLO) 
1930-32....... DOR 2 Teed Le Olereueval O10 perch 1 On loo ee dah gee 


Entered profession 
in 1929 or earlier: 
Graduated in— 


1925 = 290i sgieere 28-32 a 11.1 12:2 eRe Lo ape 2 a 1L7 
1915=24 0. iss 33-42 ee A ik ae eh), eek al accel Oe) aed 
1905-14... 25... 43-52....17.8 VEO LO Wace Sco 
Prior to 1905.. 53+ Be CAN yh nee he sen eve 
Period of Gross Unemployment 
(in Months) of— 
Other Engineers 
College Course Incomplete 
Civil, Agri- 
‘cultural, Me- Non- 
Age and chanical collegiate 
(in Years) All Archi- and Technical 
Year of Birth in 1934 Classes tectural others Course 
ONES 4 PEO Si See ont Obed oeachatinacs UNS aS MSiSiyeterne 16:9 or re 17.3 
Entered profession during 
1930-34: 
Born in— 
VOVOSTA RR vorrei re reserevere 20-240 oe ce 2B ee ee US:3 ae. 142506 15.0 
1905=00n Neca toe 25-292 ire Ses LALOR aes PS:9 wee 14sge eee 15.3 
Entered profession in 1929 
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Born in— 
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* Includes periods both of direct relief and work relief. 

No figure is shown in the table for engineers with a secondary-school education, 
for its significance is not certain. The median period for such engineers was 
12.4 months. 
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December 31, 1934, this situation had been reversed and 
there was a larger proportion on work relief among the 
recent college graduates than among those who had 
entered the profession prior to the depression. This was 
especially true of the civil engineers, for whom work relief 
on December 31, 1934, was reported for 9.4 per cent of 
those graduating in 1933-34 and 8.3 per cent of those 
graduating in 1930-32, in comparison with only 6.5 per 
cent of those graduating in 1915-29 and 4.9 per cent of 
those graduating prior to 1915. In the other professional 
groups no real differences between the early and late 
graduating classes appears. Of the engineers in profes- 
sions other than the civil-engineering group, who gradu- 
ated during the years 1930-32, 2.2 per cent were on work 
relief, but 3.2 per cent of those graduating in 1933-34 
reported work relief. In this connection it must be re- 
called that in 1934 there was a larger proportion of un- 
employed among those graduating in 1933-34 than among 
the other age groups. 

Thus far, in this section, the discussion of work relief 
has been confined to the reports for specific dates. For 
the 5-year period as a whole, a larger number of engineers 
had some experience with work relief. For all types of 
engineer, irrespective of background, about 1/s reported 
some period of work relief, but very wide differences were 
shown in the extent of work relief for civil engineers and 
for other types of engineers. Thus, among engineers 
with an incomplete college course, 19.6 per cent of the 
civil-engineer group reported some work relief, whereas 


: 


classified by year of graduation in the 3 professional 
groups of civil, electrical, and mechanical engineering. 
The differences in the length of the period between the 
various professional classes are small and show no par- 
ticular regularity. Essentially, the periods are the same 
both for civil engineers and for mechanical engineers, 
though the average period was perhaps somewhat shorter 
in the case of electrical engineers. Little difference is 
shown between those who graduated from 1915-29 and 
those who graduated prior to 1915, but apparently those 
who graduated prior to 1930 had a slightly longer period 
of work relief than those who graduated in 1930-32.® 
Thus far in this discussion, those reporting work relief 
have been regarded as unemployed. More than 4/s of 
those who reported a period of work relief also reported 
a period of unemployment. However, among the 5,349 
engineers with college degrees who reported a period of 
work relief, 966 reported a period of work relief but no 
period of unemployment. This situation calls for some 
explanation though it does not change the general outline 
of the conclusions reached. There seems to be a slight 
overreporting of work relief and, therefore, a slight 
overestimate of unemployment due to the method of 
adding together periods of unemployment without work 
of any kind and periods of work relief to determine the 
gross frequency and period of unemployment. There is 
also a corresponding underreporting of nonrelief public 
employment. In this discussion, it is necessary to dis- 
tinguish 3 age groups, those graduating in 1929 or earlier, 


Table Vi—Percentage Distribution of Engineers Graduating From College Prior to 1930, by Period of Unemployment 


————e 


Total Reporting 


Per Cent Whose Reported Unemployment (in Months) Was— 


Unemployment at 


Any Time During 6 12 18 24 30 36 42 
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only 7.5 per cent of those in the other professions con- 
sidered together so reported. Among college graduates 
work relief was reported by 18.3 per cent of the civil engi- 
neers and only 10.9 per cent of the mining and metal- 
lurgical engineers. or the other professional classes, the 
percentages were 9.3 for electrical engineers, 8.7 for 
mechanical and industrial engineers, and 6.6 for chemical 
and ceramic engineers. 

In all professional classes, age was an important factor 
in the frequency of work relief. Table VII gives for the 
3 professional classes civil, electrical, and mechanical 
engineers, the percentages of those receiving work relief, 
at any time during the 5 years, 1930-34, classified by age. 
The figures relate only to college graduates. 

The median period of work relief was approximately 5 
months, as shown in table VII for college graduates 
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those graduating in 1930-32, and those graduating in 
1933-34. Among the more recent graduates little 
difference is found between civil engineers and all other 
types of engineers, as regards work relief without unem- 
ployment. Of the 1,138 engineers graduating from college 
in 1933-34 and reporting some work relief, 333 reported 
no period of unemployment, that is, approximately a 
third of them appear to have entered directly into work 
relief. Among those graduating in 1930-32, 281 out of 
1,747, or somewhat more than 1/%, reported such an 


6. If it is correct to conclude that the major part of the work-relief experience 
came in the years 1933-34, the differences between the classes graduating in 
1930-32 and those graduating earlier are not to be explained in terms of a 
longer period of eligibility for work relief. It may be pointed out that a shorter 
period in the case of the classes of 1930-32 is consistent with the earlier conclu- 
sion that recruitment was more extensive among this group of engineers than 
among the older ones. The still shorter period, which is indicated for those 
who graduated in 1933-34, may well be explained by the fact that they had a 
shorter period of eligibility for work relief. 
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experience. This may merely reflect a need for young 
engineers to staff minor supervisory positions on projects 
conceived to meet the needs of other groups. 

In the case of those civil engineers who graduated in 
1929 or earlier years, 242 of the 1,476 who reported work 
relief did not report a period of unemployment. There 
are too few cases in the other professional classes to 
watrant a breakdown, but among all engineers other than 
civil engineers graduating in 1929 or earlier, 110 out of 
988 reported no period of unemployment. Two factors 
lead to the belief that some of those reporting a period of 
work relief but no period of unemployment should be 
separated from the unemployed: (1) It may be noted 
that this situation was commoner among civil engineers 
than among the other professional classes, undoubtedly 
because the training of civil engineers was more exten- 
sively required on work-relief projects than was the 
training of other types of engineer. (2) It seems prob- 
able that there was some misunderstanding by engineers 
replying to the questionnaire and that a few reported 


Table Vil—Per Cent of Graduate Engineers, by Year of 
Graduation and Professional Class, Reporting Work Relief 
at Any Time, 1930-34, and Median Period of Work Relief 


Per Cent 
Reporting Work Relief 


Median Period (in Months) 
of Work Relief 


Year of Civil Electrical Mechanical Civil Electrical Mechanical 
Graduation 
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The civil engineers here tabulated do not include architectural and agricultural 
engineers, nor do the mechanical engineers include industrial. 


public administrative employment in connection with 
work-relief projects as work relief rather than as public 
employment. It is possible that certain engineers re- 
porting a period of work relief neglected to report a period 
of unemployment or merged the 2 figures in a single one 
of a period of work relief. 

In general, a period of work relief was associated with 
a reported period of unemployment. This was true of 
more than 85 per cent of the engineers, without regard to 
professional classification, graduated in 1929 or earlier 
years, who secured work relief. For this group of college 
praduates, there is a clear relationship between the period 
of unemployment and entrance into work relief.’ The 
percentages in table VIII represent the ratio of the total 
number of individuals receiving work relief after a given 
period of unemployment to the total number of unem- 
ployed persons who had at least as much as the shortest 
period of unemployment indicated. Thus, for example, 
5 per cent of all civil engineers who reported any period 
of unemployment whatsoever were placed on work-relief 
xrojects after a period of less than 6 months of unem- 
oloyment, etc. 

During the 5-year period, placement on work-relief 
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Table Vill—Per Cent of Unemployed Graduate Engineers on 
Work Relief After Specified Unemployment, 1930-34, by 
Years of Graduation 


Per Cent of Engineers Who Received Work Relief 
After Specified Months of Unemployment 


Less 


Year of Graduation than 6 6-12 12-18 18-24 24-30 30-36 36-42 42-48 
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projects rose steadily as the period of unemployment was 
lengthened. This increase reflects the actual course of 
events in these 5 years, but the period was not homogene- 
ous as regards the availability of work relief, which was 
first inaugurated on a large scale in 1933. Any person 
unemployed for as little as 6 months in 1931 had virtually 
no opportunity to secure work relief. On the other hand, 
a person who became unemployed in July 1931 probably 
would have found C.W.A. work, after the lapse of 30 
months. Therefore, in interpreting the figures shown in 
table VIII, it must be remembered that longer periods of 
unemployment increase the probability of work relief 
merely by carrying over into a period in which work relief 
became available. 

A further and more significant comparison may be made 
with reference to the availability of work relief to the 
members of the different groups of graduating classes. 
For this purpose, these classes should be interpreted as 
indicating not particularly differences between younger 
and older engineers, but more especially probable differ- 
ences in the financial resources of the different groups. 
In the aggregate, those engineers who graduated prior 
to 1905 probably had substantially larger financial re- 
serves than those who graduated from 1925 to 1929. 
In the case of civil engineers, the percentage on work relief 
was highest for those who graduated from 1925 to 1929. 
Among the other professional groups, this relationship 
was less well maintained, although there appeared to be 
a distinct demarcation between those who graduated 
prior to and after 1915. The strongest contrast was 
between those who graduated in the period 1925-29 and 
those who graduated prior to 1905. 


7. For the correlation of the period of unemployment that antedates relief, 
the following information is available: The total period of unemployment, 
exclusive of work relief, and the total period of work relief. In order to simplify 
the presentation, the material is presented as though there were in all cases a 
sequence of an unbroken period of unemployment followed in certain instances 
by work relief. It is quite possible that in certain instances the total period 
of work relief is broken into several stretches interspersed with periods of work 
relief. In such a case, it would be incorrect to say that work relief followed 
after 12 months of unemployment if 12 months were the total reported period 
of unemployment exclusive of work relief. To distinguish several periods of 
unemployment would have required a greater refinement than it was possible 
to undertake by the questionnaire method. The extent of the error, which is 
implied in this assumption, is probably not great, but technically all that can 
be shown is a relationship between a certain aggregate period of unemployment, 
exclusive of work relief, and the existence of some period of work relief which 
may have preceded a period of unemployment or have broken into a period of 
unemployment. 
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Switchboards for Boulder Power Plant 


By L. N. McCLELLAN 


MEMBER AIEE 
HE Boulder Power 
Plant is unusual in 


many respects, and 
these unusual features are 
reflected in the switch- 
boards. Mere ‘“‘bigness’’ 
would not make the switch- 
boards unusual, but other 
features resulting indirectly 
from such bigness introduce 
requirements in the switch- 
board design which are 
not commonly encountered. Among the well-known 
features of this plant are: 


Generating units of 3,000, 40,000, and 82,000 kva 
Transformer banks up to 165,000 kva and 287.5 kv 


Ultimate capacity of 17 major generating units totaling approxi- 
mately 1,300,000 kva 


gether. 


Among the lesser known or recognized features are: 


The generators are disposed along the opposite sides of the river 
so that the power plant is in effect approximately 1,600 feet long, 
with the control room in the center. The farthest generator is 
approximately 700 feet from the control room. 


The 287.5-kv substation or switch yard for the City of Los Angeles 
is approximately 1,500 feet from the control room. 


The complete plant will involve 4 major systems, with transmission 
voltages from 132 kv up to 287.5 kv. 


The Boulder Power Plant really represents several 
large generating stations, tying in with sepa- 
rate outside systems. The individual requirements 
of these systems must be taken care of with an 
over-all uniformity in operating practice and 
switchboard design. Standard, conventional switch- 
board design has been followed wherever possible. 
Nevertheless the very features previously mentioned 
necessitate the combination in one plant of switch- 
board designs and methods which have been used 
individually, but seldom together in the same plant. 

The initial installation comprises 4 82,500-kva 
units for the City of Los Angeles, and 1 40,000-kva 
unit for the Southern Sierras Power Company. The 
plan adopted for these units will apply in general to 
the succeeding units. The general plan is to provide 
a separate switchboard or cubicle near each genera- 
tor for manual control. There is also a centralized 
main control desk from which all the generators, 
transformers, and their related apparatus may be 
controlled automatically and remotely. 

In brief, the City of Los Angeles system involves 
connecting 2 generators in parallel to a transformer 
bank, through suitable low-voltage circuit breakers. 
The transformers are located directly outside the 
generator room, and the low-voltage circuit breakers 
are located in suitable switch rooms, directly outside 
the main building, and as close to the respective 
generators and transformers as is possible. The 
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Switchboards for the power plant at Boulder 
Dam are unusual not alone for their size, but 
also for the combination in one plant of 
switchboard designs and methods that have 
been used individually but seldom to- 
The plan of the power plant and 
the switchboards and control equipment 
are described in this paper. 
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high-voltage side of the 
transformer bank connects 
to a double-bus outdoor 
substation, from which are 
taken the Los Angeles lines. 
Each generator has Q 
breakers in parallel so as 
to permit maintenance 
without interruption of 
service. Provisions are 
made for connecting a spare 
generator to a transfer bus, 
and energizing a transformer therefrom, in order 
to replace any generator that may be out of service. 


Generator Control Cubicles 


The control system is arranged so that the genera- 
tors may be operated from 2 locations, either the 
control room or the generator floor. Each generator 
control cubicle is located in a recess in the river 
wall of the power plant. It is provided with all the 
manual control and instrumentation usually associ- 
ated with a water-wheel generator of like capacity 
such as circuit breaker, field, and governor controls. 
At this point the generator can be completely started 
even to synchronizing and connecting to the bus, 
controlled, and shut down. This permits and facili- 
tates initial operation, testing, and maintenance, 
and provides emergency operation in case the main 
control desks should be out of service. Control is 
not provided for the high-voltage circuit breakers 
and disconnecting switches, but suitable signals 
indicate their connections. The voltage regulator, 
generator protective relays, and various graphic 
instruments are also located on this board. 

This cubicle also serves as the transfer point for 
the control circuits coming from the main desk. 
Therefore, the interposing relays, interposing cur- 
rent transformers, automatic starting relays, and 
thermal converters for load control and totalizing 
are located here. A control-transfer switch deter- 
mines whether the unit can be controlled locally or 
from the main control desk and thus prevents con- 
flicting, contradictory, or incomplete control. This 
switch is provided with a cylinder lock to prevent 
unauthorized operation. 


Main Control Room 


The contracts for power privileges established 2 


A paper recommended for publication by the AIEE committee on power genera- 
tion. Manuscript submitted July 11, 1936; released for publication October 
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principal lessees, the City of Los Angeles and the 
Southern California Edison Company, as the gen- 
erating agents for generation of all power at Boulder 
Dam. The City of Los Angeles generates power 
for itself, the Metropolitan Water District, the. cities 
of Pasadena, Glendale, and Burbank, and the states 
of Arizona and Nevada. The Southern California 
Edison Company generates power for itself, and the 
Southern Sierras Power Company. The main con- 
trol room is divided into 2 sections to provide 
for separate operation by the 2 lessees. These 
rooms are located in the central portion of the 
power plant at an elevation approximately 70 feet 
above generator floor level. In the control room 
for the City of Los Angeles, the main control 
desk and the station service desk face each other 
from opposite sides of the room. The auxiliary con- 
trol room boards are located on the other 2 sides of 
the room. The operator’s desk, supervisory control 
benches, etc., are located in the center of the room, 
between the control desks. The equivalent equip- 
ment for the Southern Sierras Power Company is 
located in the adjoining room with provision for 
future equipment for the Southern California Edison 
Company. 


Main Control Desk 


The main control desk centralizes the control of 
all the main generators, the power transformer banks, 
and the outgoing feeders. The desk for the City of 
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Fig. 1. 


Complete main control desk 


Los Angeles comprises initially 3 fully equipped sec- 
tions for the control of 5 generators, 2 transformer 
banks, and 2 outgoing lines. The initial desk for 
the Southern Sierras Power Company comprises a 
single section, mounted separately, for the control of 
2 generators with their respective transformers and 
transmission lines. On account of the large number 
of units to be controlled, the desks are of the so- 
called ‘‘miniature”’ type, using Westinghouse type K 
indicating instruments 4 inches wide with scales 31/, 
inches long, and control switches of the Minatrol 
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Fig. 2. Main control desk, showing 3 panels with 
the control for 5 generators (one future) and 2 
transformer banks 


type. With complete control and instrumentation 
including lamp indicators, miniature bus, governor 
controls, etc., the length of the Los Angeles section 
for the initial equipment of 5 generators, 2 trans- 
formers, and 2 lines is only 6 feet. 

Starting from the main control desk is almost 
completely automatic. The operator selects the 
breaker with which he plans to connect the generator 
to the bus, inserts the key for one of the 2 automatic 
synchronizers, and turns the master control switch to 
“start.” Auxiliaries such as the bearing oil pressure 
pump, cooling water pump, etc., start automatically 
and when these are in operation, the turbine gates 
open. The generator then comes up to full speed, 
taking full voltage excitation, matches speed with 
the system and synchronizes, resulting finally in 
closing the preselected breaker. A synchronizer 
by-pass button is provided for manual synchronizing 
when the bus is dead or when the automatic syn- 
chronizer is out of service. This performance is 
carried out through a full complement of preventive 
interlocks and relays and continuous operation is 
safeguarded by means of protective relays operating 
as functions of electrical conditions in the main 
circuits, temperature, or in failures of the auxiliary 
devices. With one circuit breaker closed, the parallel 
breaker can be closed by the operator directly and 
immediately. 

The high-voltage transformer or line circuit 
breakers can be handled manually, either after the 
generator has been put on the bus, or preset so that 
line connection is made on the low-voltage side auto- 
matically. 

Once on the line, the operator can control the load, 
voltage, or regulated voltage level, etc., as in a con- 
ventional power plant. Shutdown can be made by 
the operator, or result from the operation of the 
protective relays. Most of the automatic and pro- 
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Fig. 4. Cross section of 
the power plant through 
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tective features found only in an unattended station 
have been incorporated in this control in order to 
relieve the operator as far as possible from routine 
duty. 

The control desk is constructed of ‘‘stretcher 
leveled” (smoothly finished) steel, with the back 
fully enclosed and provided with swinging doors. 
The front lower face is inclined toward the rear so 
as to facilitate approach to the desk and manipula- 
tion of the various controls thereon. Another 
unusual feature of this desk design is the arching of 
all internal cross members and corresponding place- 
ment of control conductors, so that an inspector can 
walk along the top of the terminal boards on the lower 
floor, and readily observe or adjust the apparatus 
and wiring on the under-inner side of the desk. 


Station Service Control Desk 


The station service control desk is similar in 
construction and equipment to the main control 
desk. The 3 central sections are of full height, and 
are for the control of the 2 3,000-kva station service 
generators and the station service transformer bank. 
These sections are provided with complete instru- 
mentation and control comparable to that provided 
for the main generators. Automatic starting, speed 
matching, and synchronizing are provided for these 
generators as is the case with the larger generators. 

The control desk sections extending from each side 
of the center are of lower height, because of the 
relatively fewer instruments required thereon. These 
sections are for the control of the storage batteries 
and their charging generators, 2,300-volt feeders to 
various sections of the plant and to the 460-volt 
auxiliary transformers for station service. The 
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outside sections, toward the Arizona and Nevada 
sides respectively, are provided with illuminated 
signals to indicate normal or abnormal conditions 
with respect to the various auxiliary services such 
as control supplies, cooling-water indications, bear- 
ing-oil indications, etc. 

All controls from the main desk are at 125 volts 
direct current. These controls operate interposing 
relays located at their respective generator cubicles, 
or at the outdoor substation, translating to the 
heavier currents required for the various devices 
such as governor controls, and also to the 250-volt 
d-c control for the circuit breakers and similar apd 
paratus. 

For the various indicating and graphic instru- 
ments, potential is brought from the generator 
cubicles at full value of 110 volts. For the current 
instruments and similar devices, the normal 5-ampere > 
secondary current is stepped down to 0.1 ampere by 
current transformers located at the generator cubicles" 
orat the switch yard. By this means, the long con- 
trol and instrument cables from the control desk to_ 
the generator cubicles or the switch yard are kept 
to a reasonable size, and excessive current-trans-_ 
former burdens are avoided. 


Auxiliary Control Board 


There are 2 auxiliary control boards each consisting 
of a double line of vertical panels, arranged. back-to- 
back with a passageway between. These panels are 
equipped with the master automatic equipment 
used for the entire plant, that is, speed matchers and 
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Fig. 5. Schematic plan of the station, showing interconnections from control desk to the cubicles and outdoor substation 
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synchronizers and frequency and load controls; with 
recording instruments for generator-armature and 
field-winding temperatures, bearing temperatures, 
and transformer temperatures; with frequency, totali- 
zing, watt, and reactive kilovolt-ampere recording 
instruments; and with voltmeters for automatic re- 
cording of high voltage during faults. 


Terminal Boards 


The control and instrument cables from the various 
cubicles, switch yard, station service switchgear, and 
station auxiliary switchgear are brought to terminal 
boards in a room below the main control room and 
located directly beneath the control desks or auxili- 
ary boards which they serve. Vertical cables con- 
nect directly from the terminal blocks in the terminal 
boards to the terminal blocks in the switchboards 
above. 

The terminal boards for the control desks are 
actually double units, mounted back-to-back, and 
running lengthwise under their respective desks, with 
a passageway between. Terminal blocks and test 
switches are mounted on one side, and small circuit 
breakers for the complete segregation of the 125-volt 
control circuit in the desks are mounted on the other 
side. The terminal boards for the auxiliary boards 
are similar, except that test switches and circuit 
breakers for control segregation are omitted. 


Control Supply 


The control supply for the desks is provided by a 
60-cell 125-volt storage battery, with suitable motor- 
generator charging equipment. The various cir- 
cuits to the switchboard desk section are supplied 
through individual circuit breakers. Not only is 
the supply segregated for each main unit, but also 
for each distinct part of the unit. The completeness 
of this segregation may be indicated by the fact that 
38 2-pole circuit breakers are required for the 
control circuits of one desk section controlling 2 
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generators and one transformer. This segregation 
permits of complete isolation automatically in case 
of a fault and manually for maintenance purposes. 
While these circuits are only 125 volts direct current 
their importance and the possibilities of high short- 
circuit currents led to the choice of Westinghouse 
type AB automatic thermal-trip circuit breakers of 
250-volt d-c rating and 10,000-ampere rupturing 
capacity. 

Oil circuit breakers and similar apparatus are 
operated from 120-cell 250-volt batteries, one for 
each wing of the power plant, and for the switch yard. 
These control circuits are similarly segregated, not 


Fig. 7. Front view of station service control desk 
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Fig. 9. Section of station service control desk 


only for the individual generator or transformer units 
but also for the parts of the complete unit controlled. 
A combination of circuits is permitted only where 
multiple operation is required, as for the tripping of 
several circuit breakers from the operation of a 
single set of protective relays. Circuits from the 
2 250-volt batteries are carried completely around 
the plant, so that control supply to the circuit 
breakers and other apparatus is always available. 
Obviously, the control desk is of little value if 
either of the batteries is out of commission, so the 
usual circuit-breaker lamp indicators are connected 
so that a failure of either the 125-volt or the 250- 
volt storage battery source will put out the lights. 


High-Speed Differential Protection 


High-speed clearance of internal transformer and 
generator faults is planned in order to maintain 
stability at the highest possible level and to limit the 
damaging effect of internal fault currents. Accord- 
ingly, the high-voltage oil circuit breakers on the 
287-kv transformer bank will clear the fault in 3 
cycles, and low-voltage breakers for the genera- 
tors and the transfer bus will clear in 8 cycles. The 
differential relays for both the transformers and 
the generators will operate in approximately one 
cycle under fault conditions. These relays are of 
the balanced-beam type with low burden characteris- 
tics. The transformer relays are provided with 
self-contained voltage and timing interlocks so as 
to avoid operation and false tripping on the mag- 
netizing-current rushes, either when the transformer 
banks are energized or as a result of recovery 
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voltages following the clearance of an external fault, 
without introducing any delay in the event of a 
fault within the differential area. 

The transformer differential relays will trip out 
all the circuit breakers feeding the transformer on 
both the high-voltage and low-voltage sides. The 
generator differential relays will trip not only the 
generator circuit breakers, but also the neutral and 
field breakers, shut down the water wheel, and release 
carbon dioxide into the generator housing. The 
low-voltage current transformers are located to 
provide overlapping protection zones, leaving no 
section unprotected. 

Differential relay operation in one cycle introduces 
hazards of false tripping resulting from faults ex- 
ternal to the protected zone. The balancing of dis- 
similar current transformers, unequal loading of 
transformers in parallel or divided power circuits, 
high ratio of fault to normal current, or slowly 
decaying d-c component of the external fault cur- 
rent may separately or jointly effect a saturation of 
the various current transformers, and thus unbalance 
the secondary currents to cause relay operation when 
no such operation should occur. The importance 
of these factors is evident when it is considered that 
the relays must determine whether the fault is within 
or beyond the transformer or generator and then 
operate in one cycle for an internal fault. 

If the current transformers for the high-voltage 
side of the transformer are located in the circuit 


= 
ee 
= 
= 
= 
a 
= 
= 
= 
s . 


Fig. 11. 


Section of station service control desk 
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breakers of the double bus system, the current 
flowing in any given currerft transformer may be 
considerably larger or smaller than the current flow- 
ing through the transformer bank being protected 
because of current passing from one bus to the 
other. The restraint in the differential relay is very 
closely proportioned to the current flowing through 
the transformer bank, but the current tending to 
produce saturation in any given current transformer 
may be larger than this by the current flowing from 
one bus to the other through the transformer 
breakers. This would result in the current tending 
to produce saturation being much larger than the 
current to prevent the relay from operating. 

The result of the d-c component of the short- 
circuit current and its low rate of change is to re- 
quire a large total flux in the current transformer 
to transform this component from the primary to 
the secondary. If the flux required exceeds the 
saturation point for the current transformer, the 
latter will saturate during part of the short circuit, 
which in turn will cause the transformer to draw an 
excessive exciting current both for the d-c component 


Fig. 12. Rear view of station service control desk 


and for the a-c component being transformed at 
the same time. This results in a departure from ratio 
which can be very large in the most severe cases. 
Unless all the current transformers involved in the 
differential protection are affected in the same way 
and to proportionately the same extent, departure 
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Fig. 13. 


Front view of cubicle of generator N-3 


from ratio of one or more of the current transformers 
will result in current through the differential relay 
with some hazard of incorrect operation. 

Referring particularly to the transformer protection, 
it is recognized that fully asymmetrical short circuits 
occur only infrequently, particularly on high-voltage 
faults, and likewise the worst short circuits occur 
only at rare intervals, and therefore the conditions 
which contribute to improper operation may be 
expected only at long intervals. However, the use 
of highly sensitive relays, and the presence of a 
slowly decaying d-c component emphasize the pos- 
sibilities of such improper operation. Considering 
the relative importance to the City of Los Angeles 
of Boulder Dam power, it was desirable to elimi- 
nate this hazard as far as practically possible. 

A complete theoretical analysis of the entire 
subject, supplemented by numerous oscillographic 
test data, indicated that the most practical solution 
would be obtained by 3 distinct steps. In the first 
place, the amount of iron in both the high-voltage 
and low-voltage current transformers was increased 
several times beyond normal. In the second place, 
the amount of copper in the current-transformer 
secondary windings, and in the connections from 
the transformers to the protective relays, was in- 
creased several times beyond normal in order to 
decrease the burdens. Lastly, the differential relays 
for the power transformers were located at the 
switch-yard rather than in the power plant, in order 
to shorten the runs and decrease the burden for high- 
voltage current transformers where the greatest 
unbalance might exist. All of these steps contribute 
to reduce the dangers of saturating, and thus tend 
to give proper current transformer performance 
within the limits of the differential relays under 
both steady-state and transient conditions. 

In the case of the generator relays, the same type 
of problem exists, but the situation is more readily 
taken care of because of the similarity of design of 
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the current transformers co-operating in the differ- 
ential protection scheme. 


Load and Frequency Control 


Automatic load and frequency control of the most 
advanced and complete type will be provided for 
each of the initial power systems. Any of the City 
of Los Angeles generators can be placed on the follow- 


Fig. 14. Rear view of cubicle of generator N-3 


ing individual types of control regardless of the type 
of operation chosen for the remaining generators: 


1. Frequency control 
2. Adjustable proportionate-load control 
3. Independent base-load control 


This equipment consists generally of a high-grade 
Warren Telechron type & master pendulum clock, a 
master frequency unit controller which can be 
switched to any generator unit at will, and a load 
controller for each unit. The master clock is sep- 
arately mounted and the master frequency controller 
and the unit load controller together with their 
accessories, are mounted on the auxiliary control 
board. A combined system frequency and time error 
recorder is mounted on the auxiliary board, and a 
time-error indicator is mounted on the control desk. 
The unit load controllers are actuated by direct 
current obtained from ‘‘thermal converters’”’ located 
_at the generator cubicles. 

While completely automatic load and frequency 
control is provided, manual control is also available, 
with suitable interlocking to prevent contradictory 
or conflicting operation and consequent “hunting”’ 
of control. In addition, the load and. frequency 
control automatically trips off after an adjustable 
time delay on failure of the a-c or d-c supplies or 
when the frequency, unit load, or total load exceeds 
predetermined limits. 


Clock Supply Equipment 


The complete plant will have approximately 300 
synchronous motors operating various clocks, graphic 
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instrument drives, etc. These clocks and graphic 
instruments should be kept operating regardless of 
the condition of the main power system, and par- 
ticularly to obtain a graphic record under fault 
conditions and independent of the system under 
fault. Accordingly, a 115-volt 60-cycle frequency- 
regulated single-phase supply is obtained from 2 
7+/.-kva generators, each driven by a d-c motor, 
energized from the main control storage battery. 
Hither set can carry the entire load of clock supply. 

The generators are regulated for voltage, which 
varies only under starting conditions, as the clock 
load is uniformly constant. Frequency is regulated 
by field control of the motors, taken from a standard 
frequency generator. 

The standard frequency generator comprises an 
electrically maintained tuning fork, a vacuum-tube 
oscillator, duplicate amplifiers, etc. The tuning 
fork with its associated oscillator generates a small 
amount of constant- 
frequency current, 
which is amplified 
to operate standard 
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Suitable clocks are provided to check directly the 
output of the standard-frequency tuning-fork con- 
trol, as well as the output of the motor generator set. 

The equipment is expected to maintain a constant 
supply frequency with an error from standard time 
signals of less than one second per day. By checking © 
with radio time signals, it should be possible to 
adjust so as to maintain the integrated time error 
very close to zero. 
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Annunciator System 


A very complete annunciator and signal system is 
required because of the large number of generating 
units, distances from each other and from the main 
control room, different operating floors, and the 
possibilities of operating the generators either from 
the main control desk or from the generator cubicles. 
The principal purposes are to provide communica- 
tion between the main control room and the genera- 
tor and governor floors, to call the operator’s atten- 
tion when a unit is being started or shut down, 
and likewise to call attention at the various points 
to any so-called ‘“‘trouble”’ operation. 

Dual telephone systems provide for the usual 
vocal communication. 

For trouble indication, each of the generators and 
the transformers, including those for station service, 
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Fig. 16. Terminal boards with doors closed 


is provided with an annunciator group at each of 
its control points. For instance, for generator N-1 
there are provided an annunciator group on the 
main control desk, one on its generator cubicle, and 
one on the unit auxiliary control board in the gover- 
nor gallery. In each of these groups is provided a 
lamp indicator to show 


Low governor-oil pressure 

Hot bearings 

Generator-cooler failure 

Hot generator windings 

Generator cooling-water failure 
Differential-relay operation 

Overspeed 

Overvoltage; direct current and several others 


BS Tae a I a a 


For each generator or transformer unit, the 
annunciator groups are identical, but the groups for 
the transformers and for the station service genera- 
tors will differ slightly from those for the main 
yenerators, according to their respective needs. 

Likewise on the feeder panels of the station service 
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Fig. 17. Front view of terminal boards with doors 
open, showing control distribution circuit breakers 


benchboard, there are similar annunciator groups 
to indicate, for instance, among others, 


Ground on 250-volt battery number 1 

Charger number 1 a-c supply circuit tripped 
Nevada wing 250-volt feeder breaker tripped 
Nevada canyon wall feeder trip 

Feeder A to switchyard tripped 

Feeder to N—O to N-6 600-kva transformer tripped 
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In each of the generator rooms there are provided 
large visual indicators on the generator balcony 
and on the governor gallery with numerals on 3 
sides and visible at a distance of 300 feet to indicate 
at which unit the operator is required. Attention is 
called to these visual indicators by suitable audible 
signals, one to call the operator for standby service 
when starting up the unit, and the other in case of 
trouble. 

Appropriate audible signals are also provided in 
the main control room, with bright lamp indicators 
to show the unit on which trouble occurs. 

The annunciator system is operated by the pro- 
tective relay which functions in cases of trouble; 
for instance, differential relays, low oil-pressure 
relays, high-temperature relays, etc. The trouble 
relays will usually maintain their contacts until 
the trouble has been corrected. When trouble 
occurs, the audible alarms will sound in the main 
control room and in the generator balcony and the 
governor gallery. These alarms will sound for 
approximately 10 seconds and then will reset 
automatically so as to be ready for the next trouble 
indication. At the same time, the large visual 
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indicators in the galleries will show the number of 
the unit on which trouble has occurred. One lamp 
indicator in each of the corresponding groups on the 
generator control board panel, the generator cubicle, 
and the unit auxiliary control panel in the governor 
galleries will be illuminated. After the trouble has 
been cleared, the annunciator indicator lamp can 
be extinguished by a reset push button at each 
group, but any attempt to do this before the trouble 
contacts have opened is futile. In addition, the 
operation or resetting of the annunciator indicator 
is not permitted to interfere with the automatic 
release of the audible alarms and their preparedness 
for further signals. The resetting of the annunciator 
indicator is done independently in each group, 
without affecting the indicator at another group. 
Likewise, resetting the alarm and annunciator 
indicators for one fault does not interfere in any way 
with the reception of signals and indication for 
subsequent faults. 

On the end panels of the station service control 
desk are provided vertical rows of signal windows, 
to indicate the condition of the auxiliary control 
necessary for the generator units. For instance, for 
each main generator there are provided 10 lamp 
indicators for the a-c auxiliaries, including among 
others: 


Transformer cooling water 
Transformer-oil circulation 

Fan indication 

Generator cooling-water indication 
Auxiliary control transformer 
Governor oil-pump indication 


and 7 signal windows for the d-c auxiliaries, including 
among others: 


Generator bearing oil-pump indications 
Generator field breakers 
Generator differential-relay pilot lamp 


Each signal window is about one inch square and 
is covered with a white translucent front on which 
designation of the equipment it represents is lettered 
in black, with a low-brilliancy lamp in back to 
indicate a normal condition. 

It is obviously impossible to go into the detail of 
switchboard circuits and methods for a plant of this 
size. The foregoing description of a few of the prob- 
lems gives a measure of the complexity of the over- 
all switchboard problem and some clue as to the 
completeness of the plans adopted. 

Some further illustration of the problems may be 
obtained by considering that the electrical equipment 
in a plant of this size naturally represents many 
manufacturers. The main purpose of the switch- 
board is to control all of these electrical equipments, 
and to do so with a uniformity of methods that will 
facilitate operation and subsequent maintenance. 
For instance, the switchboards control oil circuit 
breakers of 3 manufacturers and air circuit breakers 
of 2 manufacturers. Each oil circuit breaker had 
originally its own control scheme, and while the 
distinctive features of each manufacturer have been 
retained, those different control schemes have been 
molded into an over-all uniform scheme. 
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Fig. 18. Rear view of terminal board with doors 
removed, showing terminal blocks and test switches 


Voltage regulators, load and frequency regulators, 
and automatic speed matcher and synchronizers are 
supplied by 3 different manufacturers. The switch- 
boards provide mounting for graphic instruments 
from at least 2 manufacturers. All of these must 
be co-ordinated into a uniform and operating system. 

While considerable emphasis has been given to 
the switchboards for the City of Los Angeles, because 
their 4 generating units are being controlled by the 
initial installation, the same features of design apply 
to the switchboards for the Southern Sierras Power 
Company. 

It has been part of the fundamental plan to provide 
switchboards which will be complete in every detail, 
for every operating requirement of the best type of 
station, yet there is a simplicity, directness, and 
uniformity of design that will make operation and 
its attendant maintenance problems as simple as 
possible. The Boulder Dam _ switchboards are 
entirely modern and up to date, without departing 
from sound practice. They prove the feasibility 
of conventional switchboard design for a generating 
plant of this size and character. 
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Electrical Weater-bevel Control and Recording Equipment for 
Model of Cape Cod Canal 


By H. L. HAZEN 


ASSOCIATE AIEE 


southeastward approxi- 

mately 40 miles from the 
yeneral coast line of Massa- 
thusetts, was cut by a canal 
some years ago to shorten 
soastwise shipping routes. In 
connection with the enlarge- 
ment of this canal to facilitate 
the passage of large ocean 
vessels, certain problems arose that made it desirable to 
study the flow of water in the canal and in the adjoining 
portions of Cape Cod Bay and Buzzards Bay, using a 
aydraulic model. These model studies were undertaken 
is a co-operative project by the department of civil and 
sanitary engineering of the Massachusetts Institute of 
Technology, Prof. C. B. Breed in charge, and’ the Corps 
of Engineers, U.S. Army, Col. John J. Kingman, district 
engineer. The experimental work is being done at the 
River Hydraulic Laboratory at Massachusetts Institute 
of Technology under the direction of Prof. K. C. Reynolds. 

Relatively high velocities of flow occur in the Cape 
Sod Canal, caused by the fact that the tidal range in 
Cape Cod Bay is somewhat more than twice that in 
Buzzards Bay, that is, the tides are more than twice as 
nigh, while the relative time phases are such that high 
water occurs in Buzzards Bay about 3 hours or a quarter- 
oeriod before it occurs in Cape Cod Bay. In order to 
study by means of a hydraulic model the effect of en- 
arging the canal on these velocities, it is evidently neces- 
sary to reproduce in miniature the tidal water-level 
variations in the basins at the ends of the model canal. 
This requires automatic water-level control equipment. 
[t is also necessary to obtain accurate water-level records 
at numerous stations along the canal and the adjoining 
waters of the model, as these readings constitute the 
iseful data. 

Both the automatic water-level controllers and the 
water-level recorders require a means of measuring the 
wverage water level over an area of a few square inches. 
Floats of any sort have proved unsatisfactory for this 
urpose because of the rather large and uncertain errors 
ntroduced by surface tension and by dynamic hydraulic 
orces. Floats also introduce an uncertain effect on 
low in the model. Staff gauge water-level readings are 
uubject to error because of surface waves which are 
mavoidable in this model. Because of these difficulties 
he electrical methods described in this paper were 
leveloped. 

The model, built on a horizontal scale of 1 to 600 and 
. vertical scale of 1 to 60, represents the 8-mile canal 
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Control of water level according to a predeter- 
mined cycle and its automatic recording in a 
model of the Cape Cod Canal have been accom- 
plished by electrical means which depend for 
operation upon the capacitances between the 
surface of the water and metal plates suspended 
above the water. The theory of operation and 
the apparatus are described in this paper. 


together with 11'/2 square 
miles of Buzzards Bay at its 
southern end and one square 
mile of Cape Cod Bay at its 
northern end. ‘These areas of 
bay at either end are sufficient 
to extend to deep water where 
the tidal water levels can be 
assumed to be unaffected by 
any flow from the canal. By 
causing the water levels at these 2 deep-water ends of the 
model to follow any desired tidal cycle, the water levels 
and flows throughout the model are made to reproduce in 
miniature and to scale those occurring in nature. In this 
way the effects that any dredging will have on navigation, 
or the dredging profiles that are necessary to secure given 
depths of water, can be predetermined. 

The water-level control problem is essentially that of 
making the water levels at the deep-water ends of the 
model bay areas rise and fall in accordance with the tides 
previously observed in nature. This water-level control 
is accomplished by 2 simultaneous adjustments. The 
first, or coarse, adjustment is obtained by a time-con- 
trolled flow of water into the deep-water end of each 
basin such that the tidal cycle would be reproduced to a 
first approximation without additional control. The 
second, or accurate, water-level adjustment is accom- 
plished by automatically controlling the height of a dis- 
charge weir located at the deep-water end of each basin 
in accordance with the observed instantaneous error in 
water level near the weir. 

In a basin covering a few hundred square feet, the rate 
of rise or fall of water level can be changed only slowly 
without causing serious waves. Therefore, a sensitive 
control device is required which will detect and correct 
an error in water level before it has become large enough 
to require a large change in weir discharge. Conversely, 
a sensitive control is subject to oscillation or hunting 
unless special care is taken to avoid it. Thus, the prob- 
lem requires a compromise design based on a quantitative 
analysis of the dynamics of the entire system involved. 

Attention is confined in this paper to the electrical 
control and recording equipment. The hydraulic aspects 
of the study are presented in an unpublished report by 
Prof. K. C. Reynolds. 
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Layout of Water-Level Control System 


As stated in the preceding section, the water levels -in 
the 2 basins at the ends of the canal must be continuously 
adjusted so that the tidal levels observed in nature are 
correctly reproduced to scale in the model. This is done 
as follows: 

A master “‘time’’ unit is used to control the sequence of 
all model tidal phenomena. This consists of an adjustable- 
speed d-c motor which is geared to a so-called Selsyn 
transmitter, and also to a valve-control shaft. The Selsyn 
transmitter drives 2 Selsyn synchronous motors, one near 
the weir of each basin. Each of these Selsyn motors is 
geared to a disk cam. ‘The gearing and Selsyn units are 
so designed that the valve-control shaft and the 2 disk 
cams revolve synchronously at a speed of one revolution 
per tidal cycle. In nature the period of this cycle is 
about 12.42 hours, which is reduced to 9.63 minutes in 
the model. Each of the disk cams is essentially a polar 
plot of the tide-level curve for its basin. The problem 
then is to make the water level reproduce the tidal data 
given on the cam. 

This is done by means of the apparatus shown sche- 
matically in figure 1. The cam continually adjusts the 
height of the “level unit’? through the lever Z;. On this 
level unit is a plate P. Through the amplifier, weir 
motor, and rack and pinion, the weir is so controlled by 
the level unit that the water level tends to remain at a 
constant distance D from plate P. As the cam is driven 
by the master time unit, the water level is made to repro- 
duce the tidal curve. Lever Le. provides damping in a 
manner explained in detail subsequently. 

Evidently if this scheme alone were used to control the 
water level, enough water would have to be continuously 
supplied to the basin to raise the level at the most rapid 
rate called for by the tidal curve and to provide an excess 
for control by adjustable spillage over the weir. Also the 
weir would have to have a relatively large maximum 
spillage to lower the water at the maximum rate and dis- 
charge the inflow at the same time. To reduce the inflow 
of water required, and also to reduce the amount of con- 
trolling action imposed upon the weir, the simple expedient 
of controlling the water input to each basin by valves is 


CAM 


ONE REVOLUTION 
PER TIDAL CYCLE 


| AMPLIFIER 


Fig. 1. Sche- 
matic diagram 
of water-level 
control mecha- 
nism 


VALVE- CONTROLLED 
WATER SUPPLY 
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used. Adjustable cranks on the valve-control shaft 
mentioned above operate ordinary gate valves through a 
lever system. Each gate valve controls the water sup- 
plied by gravity to one basin from a central constant- 
head tank. By suitably adjusting both the stroke and 
phase angle of these cranks, the amount of water-pump 
and weir capacity can be greatly reduced and the final 
level control made much more accurate. A separate 


ADJUSTABLE 
Fig. 2. Diagram WEIR 


of a portion of a 
basin showing di- Qo 
mensions used in 
the analysis 


valve-controlled water supply and weir-control unit is of 
course necessary for each of the 2 basins. 

In the following section an analysis of the dynamic 
behavior of this water-level control system developed for 
the purpose of designing a stable and sufficiently accurate 
system is given. 


Analysis of Control System 


Figure 2 shows schematically a portion of a basin 
representing the bay at one end of the canal for the 
purpose of indicating some of the hydraulic dimensions 
used in the control analysis. Three components of water 
flow affect the water level in this basin: first, the flow 
in and out from the canal; second, the flow in from the 
constant-head tank, controlled by the crank-operated 
gate valve; and third, the flow out over the weir. When 
the algebraic sum of these 3 components is correctly 
adjusted the water level in the basin will follow the pre- 
scribed tide-level curve. The first component is not 
subject to arbitrary control. The second component is 
an adjustable periodic function of time. Preliminary 
analysis showed that it should be such a function of time 
that the third component or weir discharge is approxi- 
mately constant. This third component is then adjusted 
from instant to instant by the automatic control of the 
weir height to reduce the residual error in water level to 
a negligible value. 

The analysis that follows applies to the action of the 
automatic weir-height control device. Let 


h. = desired height of water at any instant (feet) 

hy = actual height of water at any instant (feet) 

w height of weir crest (feet) 

t = time (seconds) 

Qo = net inflow to basin including flow from pump and canal 
(cubic feet per second) 


Il 


Q = weit discharge under head h (cubic feet per second) 
h = head on weir (feet) = hy — w 
ho = average value of h (a constant) 
= length of weir (feet) 
A = area of basin (square feet) 


All heights are measured from an arbitrary datum plane. 
Two equations describe the motion of the system. 
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ig. 3. Water-level controller cir- 
sit 

, = 0.01 microfarad 

= 4,000 ohms 

2 = 0.0001 microfarad 

= 30 megohms 

= 0.17 microfarad 

= 1.0 megohm 

= 0.003 microfarad 

= 50,000 ohms 

= 1.05 microfarad 

= 50,000 ohms 

= 1,500 ohms 

= Audio transformer (Sampson type Y) 


he first is the water-level equation 


It _ Qo - Q (1) 
he second equation describes the control action exerted 
n the weir, which can be arbitrarily specified. Prelimi- 
ary analysis indicated that this control system would 
perate properly if the weir speed were made to depend 
nearly on the sum of 2 quantities, the error in water 
vel, and the departure of the head on the weir from its 
verage value. The weir-height equation is then 


= = g(ite — Ip) + (Ip — w — ho) (2) 
1 which g and m are constants. The right-hand term in 
quation 2 introduces required damping, as shown subse- 
uently. The coefficients g and m are to be fixed by the 
iven allowable error and the necessity for aperiodic 
peration. 

Before combining equations 1 and 2, Q must be ex- 
ressed in terms of the head on the weir. The law assumed 
yr the weir discharge was 


= 3.33 Ih’? (3) 


hich can be put into an approximate linear form in 
1 — h,) for heads near an average head h, by using the 
rst 2 terms of a Taylor’s expansion about h,. Thus 


= 3.33 Ih, /? + 5.00 lh,'/”? (h — ho) 


ithin about 5 per cent for 0.74, << h < 1.5h,. Substi- 
iting this approximation in the right-hand term of 
juation 1 gives 


= e ap. am Nhe I 175) (4) 
1 which 
a 3/2 
_ Qo — 3.33 Ihe (8) 
A 
ad 
l , 
= 5.005 VS ho 
3 
= 5.00 oes = constant (6) 
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60 CYCLES 


From equation 6 it may be seen that the average weir 


discharge Qa, fixes the constants h, and q. It also 
fixes the constant term of q,. 
Putting equation 4 in equation 1, 
dh 
oT = Go — Uh» — w — ho) (7) 


Differentiating equation 7 with respect to time, sub- 


Sp Bel 


stituting equation 2 in the result, writing p for di 


rearranging gives 
Phy + Ubhy + mph» + Hghw — Ughe — PI — MQ = 0 (8) 


Since the error in water level is desired rather than the 


WATER SURFACE 


Fig. 4. Diagram of damping lever 


N indicates position of P, for zero alternating potential on grid 
of tube 


actual height of water, equation 8 is rewritten using a 
change of variable 


56 = h, — hy (9) 


in which 6 = error in water level in feet. 
tion 9 in equation 8 and solving for 6 gives 


Putting equa- 


A! (p+ q+ m)ph, — Clase m)Qo 
pP+(ma + mp + ag 


(10) 


In equation 10, h, and g, are time functions that can be 
determined from the tidal-level data, the valve-crank 
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Fig. 5. Typical level-controller performance 
Scales A for nature; scales B for model 


Circles are actual tidal data obtained at Cape Cod Bay 

approach to canal. Solid curve is idealization of these data 

for model tide cycle. Other plotted points are typical 
water-level records taken in course of model studies 


adjustments, and the dimensions of the basins; q is a 
constant fixed by the constant component of weir spillage 
due to the average weir head h,. 

In order to determine m and g, 2 additional conditions 
need to be imposed. The conditions selected are, first, 
that the operation must be aperiodic, and second, that 
the maximum value of the error 6 shall not exceed a pre- 
scribed amount. For critical aperiodic operation, the 
denominator of equation 10 must have equal real roots, 
which imposes the condition 


(q + m)? = 4qg (11) 


The error condition is next imposed. A consideration 
of various features of the model study led to the selection 
of 0.0010 foot (equivalent to 0.06 foot in nature) as the 
maximum permissible value of 6 which, preliminary 
calculations indicated, could be attained with reasonable 
apparatus. 

It is subsequently shown that qi < < m and that there- 
fore the numerator of equation 10 can be written with 
sufficient accuracy as 


(p + m)(phe — Yo) 


But ph, — q, is the residual flow per unit of basin area 
which the automatic control must correct by adjustment 
of the weir, and can therefore be approximately described 
as a known function of time for either basin. 

Thus far the analysis has been general, that is, it applies 
to any system of the type described. At this point it is 
desirable to insert actual numerical values, which necessi- 
tates considering a specific case. The end representing 
Buzzards Bay is arbitrarily chosen for the numerical 
work that follows. 

Examination of the expected flow relations in the model 
of Buzzards Bay shows that this residual flow will impose 
on the automatic control a condition no more severe than 


(12) 
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that imposed by a sine-wave flow having an amplitud 
of 0.20 cubic foot per second and a period one-third that 
of the main tidal cycle. The main tidal period in the 
model is approximately 9.6 minutes. Therefore, for the 
basin of 900 square feet area the residual level variatior 
to be corrected can be assumed for the purpose of desigr 
to have the form 


Qa 
phe — I = Asin3 a (13) 


in which 


T = the period of the tidal cycle in model (seconds) 
A = amplitude of assumed residual level error to be corrected by 
automatic control (feet) 


Putting in the above numerical values, 


3 0.20) i ayei2aneae 
0g SH eee 
ble — fo = oog 3 06 x 60 


= 2.22 X 10~4 sin 0.0327¢. 


Replacing p in equation 10 by jw; where w; is the angular 
velocity of the assumed residual level variation and j = 
/ —1, and remembering that q << m, gives 


6 j h| 
cae ie Pa (14) 
A —w3* + mjws + Hg 
Using the simplified condition for critical damping 

2 
ag = (18) 
in equation 14 gives 
6 fe ™m a Js 
ran (16) 


Trial shows that w; << m, when equation 16 becomes 
Bi gakye 
a 


Putting in numerical values gives 


_ 4 X 2.22 X 1074 


0.0010 = 0.89 foot of weir height per second for one 


foot departure of the weir head from hy 


The quantity g, must now be evaluated. The average 
weir discharge for the conditions under which the auto- 


TYPICAL CANAL 
SECTION 
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Fig. 6. Circuit diagram of water-level recorder 


Ri = 30 megohms C; = 0.0001 microfarad 
Rs, fms Ty and ry vary from unit to unit 
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matic control is to work is 0.7 cubic foot per second, 
which gives a value for the weir 12 feet long of 


5 X 12 
900 


\ 0.7 
3.33 X 12 


The assumptions w; <<.m and q; << m can now be 
checked. Thus 


qi = 0.0174 (dimensions same as for m) 


0.0327 
0.0174 
0.89 


W3 


qi 
m 


I il 


which shows them to be justified within the accuracy 
justified by other data. 
The constant g can now be calculated from equation 15. 


m2 
: =o 


= 11. % . 
4q 4X 0.0174 1.4 feet of weir height per second for 


one foot error in water level 


This completes the dynamic analysis, as all parameters 
are fixed. 


Design of Apparatus 


Having determined the necessary numerical values of 
the damping coefficient m and the level-restoring coeffi- 
cient g, which are the 2 important dynamic parameters, 
the problem. shifts to the design of apparatus that will be 
characterized by these values. This apparatus includes 
3 essential parts: first, a level-measuring device; second, 
an amplifying device and motor to furnish power to 
yperate the weir in accordance with the indications of the 
evel indicator; and third, a suitable mechanism for 
nserting the damping described by the coefficient m. 
[hese parts will be described in order. 

Figure 3 shows schematically the electrical features of 
he level indicator, amplifier, and weir-driving motor. 
[he level indicator is essentially an electrostatic potential 
livider consisting of the water surface and the plate P,; 
is its terminals between which the plate P, picks up 
‘lectrostatically a potential intermediate between that 
f P, and the water. Plate P,; is maintained at a 60-cycle 
uternating potential of 700 volts, effective value, above 
he potential of the water by the transformer 7}. The 
rid-to-cathode voltage of a type 6C6 pentode is the 
lifference between the potential of plate P, and the mid- 
oint of the 700-volt winding of 7:1. The plates P; and 
>, are fixed mechanically with respect to each other and 
re moved as a unit by the water-level cam previously 
lescribed. At some water level, P, and the midtap of 
", will be at the same potential, and hence the grid-to- 
athode voltage will be zero. If the water level is above 
his balance level, the grid will have impressed on it a 
O-cycle voltage of a certain phase. If the level is below, 
he phase of the grid voltage will be displaced 180 de- 
rees. Parts R, and C, constitute a phase-correcting 
ircuit for making the voltage between a and b precisely 
1 phase with the voltage between 6 and o. This is 
equired because the 2 secondary halves of T; are differ- 
ntly loaded. 

Although the capacitance between P, and P; or P, 
nd the water is only about 20 micromicrofarads, the 
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circuit is very stable and requires practically no shielding. 
This is due in part to the excellent insulation of P,, © 
obtained by mounting it directly on the grid cap of the 
tube. 

The amplifier consists of a type 6C6 pentode and 2 
type FG57 thyratrons. The thyratrons are so biased by 
means of the resistance drop in R, that they fail to fire 
when no alternating current is present in the plate 
current of the pentode. Both have the same plate voltage 
but the a-c components of their grid voltages differ in 
phase by 180 degrees. The circuits are so adjusted by 
C3, R3, and C, that their grid and plate voltages are either 
in phase or 180 degrees out of phase. Consequently when 
the water level is above or below balance level, one or the 
other of the thyratrons fires, taking current from the 
230-volt 60-cycle supply through the d-c motor armature 
A and one motor field F; or Fo, thus driving the motor in 
one direction. To maintain correct phase relations this 
230-volt supply must necessarily come from the same 
feeders as the 110-volt supply for 7). If the other thyra- 
tron is fired, current flows through the motor armature 
and the other field, driving the motor in the opposite 
direction. The motor drives the hinged weir through a 
reduction gear and rack and pinion, as indicated in figure 1. 
Of course connections must be so made that a low water 
level raises the weir, and vice versa. 

One other feature of the circuit will be mentioned. 
The motor (and weir) speed should be proportional to the 
indicated error in water level. The alternating voltage 
on the thyratron grids is proportional to this error. But 
the thyratrons are “‘on’” and “off,” that is, not smooth- 
control devices when used in this way. However, by 
driving an a-c magneto M by the motor, rectifying its 
output, and charging capacitor C;, which is shunted by 
a leak R;, an additional d-c bias can be applied to the 
thyratrons. If this additional bias exceeds the peak 
value of the a-c grid voltage, it will cause the previously- 
firing tube to cease firing until the motor speed has de- 
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creased. Thus the average motor speed is kept very 
nearly proportional to the indicated error in water level. 
Thus far no mention has been made of introducing 


damping. This important aspect will now be considered. 

Equation 2 can be written 

dw g m 

Ft (Ge m| he — hw — (w+ i) | (17) 
L Qs iy) Tt 


in which the weir speed (dw)/(d#) is a linear function of 
3 heights—the desired water height h,, the actual water 
height h,,, and the weir-crest height w, h, being a constant. 
This suggests the linkage shown in figure 4. The weir 
speed is proportional to the distance x, if x is small, by 
which the plate system P,P, is removed from its zero 
indication position, that is 

ee =f Be 

dt 

Since the water height is a directly additive (with nega- 
tive sign) component in x, evidently k = g — mand 


ee oh = (w + ho) (18) 
g—m g—m 
or 
mM 
BP by = SS a (w + ho) (18a) 
— IFT, st 977 


The linkage of figure 4 will produce this result if 


Io 2 


Le g—m 


Putting in the numerical values for the design for Buz- 
zards Bay gives 


a 11.4 
= ————___ = 1,085 
ly. 114 —\0.89 
or 

] 
lo = — = 0.921, 


1.085 


As mentioned earlier in the paper, all heights are measured 
from any common datum plane. 

Final experimental adjustments of the constant g were 
made by gear ratios and the values of R; and C; (see 
figure 3). 

A similar calculation was made for the Cape Cod Bay 
basin controller which need not be repeated here, since it 
merely involves different numerical values. 


Practical Considerations 


In the theoretical design given above, certain idealiza- 
tions were made that are not realized in practice. One 
of the most serious of these is the tacit assumption that 
the water level changes at the same rate over the entire 
basin, following an adjustment of the weir height. Actu- 
ally this is not so for 2 reasons. The first is that the weir 
displaces water when it is moved. This sets up a wave 
of higher or lower level, depending on whether the weir is 
raised or lowered, that propagates away from the weir 
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over the basin at a finite rate. The second reason is 
a lowering or raising of the weir also produces a | 
lowering or raising of the water level due to a char 
discharge rate. This level change also propagates | 
finite velocity. 

If the water-level indicator for the controller is not» 
close to the weir, there is an appreciable time lag bety 
the change in water level at the weir and the chang 


level at the level indicator. Such time delays in ger 


Fig. 8. Level-recorder unit in place over canal 


Plate P, (figure 6) appears immediately above ‘‘bridge piers” 
in canal. Plate P; is the hood immediately above P,. Tube 
VT. and resistor R; appear above framework 


have the effect of introducing negative damping into 
control system, that is, they tend to set up oscillat 
In this installation this time lag was appreciable, w 
necessitated introducing somewhat more damping t 
that called for by the analysis. Final adjustment of 
damping was made experimentally under actual opera 
conditions. 

In the analysis it was assumed that the residual flor 
be controlled by the automatic controller was made s! 
by carefully adjusting the gate-valve cranks. In ac 
operation it proved more expedient to adjust these cra 
only approximately and to make final adjustment of 
tidal cycle by filing the control cams to a shape slig 
different from the actual tidal curve. Since each t 
cycle is given a considerable amount of study, the t 
required to adjust the cams for each new cycle by filir 
relatively unimportant. The advantage of making 1 
adjustment by filing the cams is that there is a much nf 
direct and easily-visualized relation between the resi 
water-level error and the change in the cam necessaf, 
correct it than there is between this error and the c¢ 
sponding corrective change in valve-crank setting. ( 
the cams are corrected, the tidal cycle repeats accura 
thereafter, independent of any minor changes in the ¢ 
flow caused by trial modifications of the model. 
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Controller Performance 


After the adjustments described, together with certain 
minor circuit adjustments, were made, the controllers 
were put into operation in November 1935, and they have 
yperated consistently since then with little attention. 
#trors in the water level of the 2 basins have been within 
he limits established as satisfactory for the studies to be 
made. Rough tests were made of the dynamic per- 
ormanice of the controller which showed that the device 
was operating in substantial accord with the design calcu- 
ations. The significant test, however, is the performance 
yf the controllers in accurately controlling the water 
evels under actual operating conditions. Typical per- 
ormance data are shown in figure 5. In this figure the 
ircles represent actual tidal data recorded at the Cape 
-od Bay approach to the canal. The solid line is the 
lightly-idealized tidal cycle derived from these data to 
ye reproduced in the model. The remaining plotted 
oints are those obtained on the model during a series of 
Yypical runs. 


Water-Level Recorder 


Attention is now turned to the other apparatus used 
mn the canal model which is of interest to electrical engi- 
1eers, namely, the water-level recorders. 

As in the case of the water-level indicator for the water- 
evel controller, floats were barred for level recorders 
yecause of the serious and uncertain errors introduced by 
urface tension and by dynamic forces caused by water 
urrents. The general scheme adopted for the water- 
evel recorder is similar to that described hereinbefore, 
hat is, the water surface is used as one electrode of an 
lectrostatic potential divider from which the grid poten- 
ial of a pentode is derived. In the recorder, however, 
he variation in the d-c component of plate current rather 
han in the a-c component is used to indicate the water 
evel. This d-c component is indicated by a d-c milli- 
mmeter. The simultaneous recording of the indications 
or the 9 water-level stations in the model is done photo- 
taphically. 

In figure 6 is shown the circuit of a recorder. The chief 
lifference between this circuit and that of the first tube in 
igure 3 is the method of utilizing the output. In the 
ecorder circuit, the fixed plates P, and P, are so placed, 
nd the adjustable plate C so set, that at the lowest 
yater level the capacitance between the water and P, is 
lightly greater than that between P, and P;, thus im- 
ressing sufficient alternating voltage on the grid to reduce 
he plate direct current slightly (about 10 per cent) below 
‘s value for equal capacitances. As the water level is 
aised, the capacitance unbalance and hence the grid 
Iternating voltage become greater, decreasing the plate 
irect current. Thus the plate direct current is a measure 
f the water level. This is the general scheme of opera- 
on. 

A number of refinements are necessary to reduce the 
rrors. The goal for error was set at 0.5 millimeter 
robable error for level ranges up to about 4.5 centi- 
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meters. Plate P, is 2.5 centimeters or more from the 
high-water level to avoid difficulties resulting from splash- 
ing, while the canal section in some cases is only about 
13 centimeters wide at the top. These conditions made 
it difficult to reach the desired accuracy with simple 
equipment. 

Proper shaping and placing of plates P,; and P, are 
important in order to obtain adequate sensitivity at low 
water when the capacitance of P, to the canal walls is 
much larger than its capacitance to the water surface, 
and when the rate of change of the latter capacitance 
with respect to water level is small. Conversely, at high 
water the rate of change of this capacitance with water 
level is relatively high. A reasonably linear calibration 
curve was obtained by using the steepest part of the 
curve for grid alternating voltage versus plate direct 
current at low water, and the flatter part at high water. 
Typical calibration curves are shown in figure 7. Because 
some grid alternating voltage is necessary even at low 
water, no phase-correcting circuit was required on the 
350-700-volt half of the a-c high-voltage supply for a 
level-recorder unit. 

Another aspect that must be given careful attention is 
the error resulting from variations in screen voltage. 
Unless some form of compensation is used, this error can 
easily become as much as 2 or 3 millimeters of water level 
per volt change in screen voltage at 130 volts for the 6C6 
tubes used. By using a second 6C6 tube VT» with fixed 


MODEL OF CAPE COD CANAL 
GAGE HEIGHT METERS 


DATE 
Bal 


Fig. 9. Instru- 
ment panel for 
water-level _re- 
corder 


The 9 milliammeters 
indicate water levels 
at9 stations in model. 
Water levels are ob- 
tained from calibra- 
tion curves 


grid voltage (see figure 6), this sensitivity to changes in 
screen voltage is considerably reduced and at the same 
time a convenient means is provided for suppressing the 
zero of the d-c plate milliammeter A. The screens and 
heaters of both tubes are supplied from the same sources. 
By suitably adjusting the values of the resistances 7, 
r, and r, in the milliammeter mesh, the milliammeter 
reading can be made to range over any desired fraction of 
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full scale for any given range of water-level variation. 
By adjusting the resistance R3, these readings can be 
centered on the meter scale. The resistance 7,, is made 
large enough so that the temperature error due to copper 
in the milliammeter is made negligible. This feature is 
pertinent because of the rather wide fluctuations in tem- 
perature occurring in the building in which the model is 
located. 

The best shape of calibration curve for water level 
versus milliammeter reading is obtained by properly 
shaping and placing the P; and P, plates, and finally by 
adjusting the low-water grid alternating voltage with the 
small auxiliary capacitor plate C. 

Both alternating and continuous voltage regulators are 
used in the power-supply circuits because of the high 
degree of consistency required of the tubes and circuits. 
By this means the cathode temperature, the grid alter- 
nating voltage, and the screen voltages are maintained 
within the necessary close limits. 

Figure 8 is a view of an assembled level-recorder unit 
in place over a section of the model canal. The instru- 
ment panel containing the 9 milliammeters, a clock, and 
a place for data pertaining to a run is shown in figure 9. 
This is photographed at intervals of 20 seconds through- 
out a tidal cycle lasting 9.63 minutes by means of a 
35-millimeter motion-picture camera. After the film is 
developed the meters and clock are read from the pro- 
jected image of the negative. Figure 9, in fact, is repro- 
duced from one of the photographs taken in routine 
recording. 


Performance of Water-Level Recorder 


The recorders have been in operation practically con- 
tinuously since November 1935. With them level meas- 
urements have been consistently obtained that utilize 
the full hydraulic accuracy of the model. 

In general the uncertainty of a current reading has been 
found to be of the order of 0.005 milliampere in a recorder- 
current range of about 0.8 milliampere. In terms of 
water level this represents an uncertainty of from 0.12 to 
0.25 millimeter. Using the vertical scale factor of 1 to 
60 between model and nature, this uncertainty is seen to 
represent from about 0.025 to 0.05 foot in nature, the 
larger figure being associated with the larger tidal ranges. 

To achieve this precision requires careful calibration at 
intervals of 2 or 3 weeks. Other operating precautions 
are also necessary, such as careful control of all voltages, 
and allowing a warming-up period of about half an hour 
previous to taking readings. As stated hereinbefore, 
both alternating and continuous voltages are automatically 
controlled by voltage regulators whose settings are checked 
by manual adjustment. Good-grade portable voltmeters 
have sufficient accuracy for use in this checking and 
adjustment. 

The principal cause for frequent calibration is the 
gradual change in the mutual conductance of tubes with 
use. Because of this change it is occasionally necessary 
to readjust the resistance 7,,, shown in figure 6, in order 
to maintain a working range of 0.8 to 0.9 of full scale on 
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: { 

, 
This is 
incon- 


the meter for the working range of water level. 
done before a calibration and occasions little 
venience. 


Summary 


The electrical equipment described in this paper has 
made possible the successful reproduction of tidal cycles 
and accurate recording of water levels in a hydraulic model, 
The equipment is relatively simple and inexpensive, 
Although requiring some care in operation, it has proved 
entirely serviceable and has been in practically continuous 
use since the installation was completed in November 
1935. Ordinary adjustments are made by engineers with 
little electrical training. The results obtained with this 
electrical equipment are sufficiently accurate to make 
the hydraulic errors the controlling factor in the over-all 


. \ 
accuracy of the model studies. % 
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Lightning Currents in 132-Kv Lines 


By PHILIP SPORN 


FELLOW AIEE 


HE organized field and 
| es investigations 

on the effects of lightning 
yn electric systems and appa- 
atus, started some 10 years 
igo, have uncovered many of 
he mysteries of lightning af- 
ecting line performance and 
squipment protection. Volt- 
ge magnitudes and polarity 
lave been measured, wave 
shapes determined with some 
legree of completeness and certainty, and frequency 
und severity of lightning disturbances observed. 

As various theories of the mechanism by which light- 
ling produced its disturbing effect on electric systems 
were put forth, discussed, and checked against the field 
operating experience, it became apparent that a fuller 
knowledge of the currents in the lightning stroke itself, 
and their distribution in the various parts of the electric 
system subject to its influence, were urgently needed to 
help solve the problems of lightning protection to lines 
and equipment. 

Having actively entered into the very early investiga- 
tion work mentioned above, and having recognized the 
value of this work in bringing about better service to 
electricity consumers and greater protection to apparatus, 
the authors have continued without interruption the 
field investigation work first started some 10 years ago. 
However, during the past 4 years their research has 
centered about the problem of determining lightning 
currents in strokes themselves, and in various parts of the 
transmission network. This investigation has been con- 
ducted on the properties of the American Gas and Electric 
Company and in co-operation with the General Electric 
Company. 

In this paper there will be presented in a summarized 
form the high points of the field data obtained during 
the period 1933 to 1936, inclusive. Particular emphasis 
will be laid on the lightning currents actually measured 
n lightning strokes, tower structures, counterpoise wires, 
and ground wires. Correlation of line performance with 
these data will be given to the extent warranted by the 
Jata. However, the authors believe that, in view of the 
arge volume of field data secured in this investigation 
of the past 4 years, it will be best to use available space 
to present the maximum amount of pertinent data, inter- 
oreting and correlating only the most important parts 
of those data. 

The investigation was carried out on 2 132-kv lines 
orming part of the American Gas and Electric Company 
1etwork, and on one line constructed for 132-kv but 
yperated at 66-kv. These lines are the Glenlyn-Roanoke 
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Data pertaining to lightning currents actually 
measured in tower structures, counterpoises, and 
ground wires on 132-kv lines during 1933-36 
are presented in this paper. 
stroke currents rarely exceed 150,000 amperes, 
although 220,000 amperes has been indicated, 
and that currents as high as 60,000 amperes 
measured in the overhead ground wires indicate 
the necessity of adequate shielding of the line at 

station entrances. on 
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I. W. GROSS 


ASSOCIATE AIEE 


in Virginia, Philo-Canton in 
Ohio, and Deepwater-Pleas- 
antville in New Jersey, re- 
spectively. Their general -de- 
sign characteristics and past 
performance record have been 
previously presented.1 The 
major part of the field 
measurements was obtained 
the Glenlyn-Roanoke 
line where instruments were 
located to record lightning 
currents in tower structures, tower arms, counterpoise 
wires, ground wires, and tower-top lightning rods. The 
impulse flashover characteristics of insulator assemblies 
on this line are approximately 910 and 750 kv on the 
1x5 and 11/2x40 impulse waves, respectively. On the 
Philo-Canton and Deepwater-Pleasantville lines, measure- 
ments were recorded in tower-top lightning rods only. 
To make most effective use of the available equipment, 
measuring instruments were concentrated at line loca- 
tions which from past experience appeared to be the most 
heavily lightning-infested sections of the line. The 
degree of instrument coverage in per cent of total line 
length on which investigation was carried out through- 
out the 4 years (1933 to 1936) was 7.3 per cent of the 
Philo-Canton line, 5.3 per cent of the Deepwater-Pleas- 
antville line, and 100 per cent of the Glenlyn-Roanoke 
line in 1933-34 and 1935, and 23 per cent in 1936. Sum- 
marizing this on the basis that would have existed if the 
entire work had been carried out in one year, the field 
setup to record lightning currents appears as follows: 


It is concluded that 


Length of Line Investigated (Miles) 


Mower-topy lightning OdSwaqeeerieeeiei etre ieee 70 
Counterpolses s.onccae oa eee 28 
TOWCLLATING, Ai os se Rtceeasisnecs. mene ners eee tee eer 88 
MOWEL EGS on ois eras he ce eos SOS eee 218 
Ground “witeSite. Gre one hon aioe eee eae 29 


In evaluating the extent of line covered as shown by 
the above tabulation, it must be remembered the 4-years’ 
work gave a diversity of lightning severity not possible 
with a single-year’s investigation. 


Determination of Lightning Currents 


All lightning currents reported here were determined by 
the surge-crest ammeter in the field. The surge-crest 


A paper recommended for publication by the AIEE committee on power trans- 
mission and distribution. Manuscript submitted December 12, 1936; released 
for publication January 4, 1937. 
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ammeter* consists essen- 
tially of small laminated 
cobalt-iron magnets ap- 
proximately 1'/eincheslong — 
by 0.1 square inch in cross 
section placed in a definite 
position in the magnetic 
field of the conductor in 
which the current is to be 
measured. By measuring 
the residual magnetism left 
in the magnet after the 
passage of current the crest 
value of the current is de- 
termined and in some cases 
its oscillatory characteristics 
as well. 

The field setup of these 
magnetic links on a typical 
tower as installed in 1936 
is shown in figure 1. Simi- 
lar installations were in 
service during 1933, 1934, 
and 1935, although all 
towers at which field setups 
were made did not provide 
for measurements at all 
points of the tower struc- 
ture shown in figure 1. 

The number of surge link 
installations and their loca- 
tions for the 4 years herewith reported are shown in table 
I. Previous to 1936 currents were measured in quite a 
few towers by the use of one surge link installation on 
one leg only of the tower, the total tower current being 
subsequently obtained by multiplying the reading re- 
corded in one leg by 4. Although this method of measure- 
ment seemed to give reasonably accurate results, the 
more precise method of using separate link installations 
on each tower leg was followed in 1936 when the investi- 
gation was concentrated on particularly heavy lightning 
infested line sections. 

In the attempt to determine the flow of lightning current 
in the tower structure, several cases were encountered in 
the past where the absence of any current indication in 
certain locations caused some doubt as to the interpreta- 
tion to be placed on the results. In such cases it is neces- 
sary to consider both the maximum and minimum currents 
the surge-crest ammeter, as set up, is capable of measuring. 
The range of measurements for the different types of field 
installations is shown in table II, these values being for 
unidirectional surges. Currents of the oscillatory type 
can be measured in a slightly higher range by suitable 
calibration of the surge-crest ammeter. This was done 
in some cases. 
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Fig.1. Arrangement of mag- 
netic links of surge-crest am- 


meter on a typical tower in 
1936 


Field Measurements of Current 


Although the field records are too numerous to present 
completely here, some of the outstanding data and a 
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summary will be given for currents measured in tower 
legs, tower-top lightning rods, tower arms, counterpoises, 
and ground wires, and the 4-years’ data condensed and 
correlated so far as space permits. 

A knowledge of lightning currents, both in the stot 
itself and in the tower structures, was early recognized 
as most valuable as an aid to the study of lightning per- 
formance of lines. Therefore, the field setup was planned 
to obtain current readings in the lightning stroke by 
various means and in the tower structures by measure- 
ments in the tower legs close to the ground line. } 


CURRENTS IN TOWER LEGS AND LIGHTNING STROKE 


A summary of currents obtained in legs on single towers 
for the 4 years is given in table III. It may be observed 
that over 150 observations of currents in excess of 10,000 
amperes, 14 in excess of 50,000 amperes, and 2 between. 
90,000 and 100,000 amperes were made. Such data 
have been used in the past in combination with indi- 
vidual tower-footing resistances to indicate the maximum 
potential of the tower, and from that the possibility of 
flashover under lightning conditions has been predicted 
and in many cases verified. 4 

In determining the lightning current in the stroke 
itself, 3 different methods of attack have been used. The 
first consisted of a summation of lightning currents in 


Table I—Number and Location of Surge-Crest Ammeters 


Location 1933 1934 1935 1936 Total 

Glenlyn-Roanoke Line ‘ 
Ala towetlegs acs sheese aie 240 5.20. DOO see SO0e ee OSs at 1,728 
One tower leg only... ccc... Pie ien RS24) ac FS Jee Sarre 479 
One per crossarm..........-:-< 27 Ovens SLO 5, «ees 450). 450. Cane 1,440 
One per counterpoise........... Oma SO csos 40055 Ons. 120 
Two per counterpoise.......... Qa OSes Ose 40..... 40 
Three per counterpoise......... Osn235 OF. es 40 ase 40. 0m 80 3 
Two per ground wire*.......... Owns. Os. SOxatee 20 Cee 200 
Tower-top lightning rodj....... 20 ceases 20 ner 20 ees Ox scrs 60 
Tower-top lightning rod{....... 20) sone 20ers 20) vo: 20). a0 80 
Philo-Canton Line 
Tower-top lightning rod........ SOs: S0%5. 2 SO ner SO 120 
Deepwater-Pleasantville Line 
Tower-top lightning rod........ SO at SOL sone SO let BOLerre 120 

MOCAISS ok oto ere eaten caper css S220 ee: 1p We Oa 14025... TOL eee 4,467 


* One on each side of tower. 

{ Lightning stroke recorder across resistor. 

t Surge-crest ammeters; at same location as lightning stroke recorders 1933- 
34-35. 


Table II—Application and Range of Measuring Instruments 


— 


Magnet Spacing Unidirectional 

From Conductor Current Range— 

Centers—Inches Amperes 

Location Inner Outer Minimum Maximum 

TOW ERANMS a. icroe cetue tr sists OW sae 2:6) Slgoart PGOORS. oes ene 16,000* 
Counterpoises Rae reo aeetey U2 Oia 4:0 Vanes SOO es vs ere 25,000 
Ground wires............. Bile Sreiens. te TRO ie cee 2,000" Cask eee 73,000 
Tower legs, 6-inch......... BLO Ohare te 9) Bb die cccnters 2 O00tis case 57,000f 
Tower legs, 8-inch. . sbaksa eens shoe dante LOL Wate eects 2500 fis che se cnae 61,000f 
Lightning rOdSin ais cies te OF rn rae 40. eco aes SE SOOe ws sicnto 25,000 
ightnime-rOdS cater c DOr Frets neers 12 Oi yarns <2;000! 2g sm 73,000 


* One arm member only; multiply by 2 for total arm current. 
| Measurements on one leg. 
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adjacent towers which appeared to be affected by one 
lightning disturbance. A summary of these data for the 
4 years is shown in table IV. Here 31 stroke currents in 
excess of 50,000 amperes, 12 in excess of 100,000 am- 
peres, and a maximum of 220,000 amperes for the 
stroke are indicated. The second method of determin- 
ing current in the lightning stroke was by direct 
measurement in the tower-top lightning rod mounted 
at the tower top with suitable measuring instru- 
ments. Here the current in the stroke is measured 
directly. Data for the 4 years obtained in this way are 
shown in table V. The currents by this method of 
determination run much lower, the maximum current 
recorded being 50,000 amperes. The third and partially 
direct method, although not carrying with it the certainty 
of the direct measurement in the lightning rod but still 
probably having more justification than the addition of 
currents in the adjacent tower legs, is the method of 
adding current readings in a ground wire section as 
recorded at adjacent towers under conditions where the 
lightning stroke appears to have hit the ground wire in 
mid-span and has flowed in both directions to adjacent 
towers. Adding these currents at each end of the affected 
spans gives a value of the total lightning-stroke current. 
These data are given in table VI. These in a single 
year’s observation on one line show 7 records in excess 
of 50,000 amperes and 1 in excess of 100,000 amperes, the 


Table III—Tower Currents Above 5,000 Amperes per Tower 
Number of Tower Years 911 


Amperes 1933 1934 1935 1936 Total 
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Table I!V—Lightning-Stroke Currents Indicated by Summation 
of Tower-Leg Currents 


Number of Tower Years 9111 
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Kiloamperes 1933 1934 1935 1936 
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Table V—Lightning-Stroke Currents by Direct Measurement 
in Tower-Top Lightning Rods 


Number of Tower Years 380 


Kiloamperes 1933 1934 1935 1936 Total 
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Table Vi—Lightning-Stroke Currents by Addition of 
Ground-Wire Currents; Glenlyn-Roanoke Line, 1936 
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110,000 maximum 


maximum being 110,000 amperes. The stroke currents 
obtained by each of these 3 methods have been plotted 
in curve form in figure 2. A curve representing the 
average of these 3 methods of determining stroke current 
has been plotted here also and another showing the single 
tower currents tabulated in table III. It is particularly 
interesting to compare the last curve with the curve of 
average total stroke current. 


LIGHTNING CURRENTS IN COUNTERPOISES 


The indicated benefits of counterpoises both by theory 
and, to some extent, by practice has led to a search for 
actual field data to show what was taking place in these 
buried conductors under lightning conditions. Field 
setups were therefore made to measure currents at various 
points along the counterpoise length. The particular 
counterpoises used on the Glenlyn-Roanoke line consisted 
of 2 long (150 feet) buried wires parallel to the line and 2 
40-foot buried wires at right angles to the line. Current 
measurements on the long counterpoise were made on 
both ends and in the middle, and on the short counter- 
poise at both ends (see figure 1). The current distribu- 
tion in these counterpoises is shown in figure 3, in per- 
centage of the current measured in the long counterpoise 
at the point close to where connected to the tower. 
Figure 3 shows that the long counterpoise carries on the 
average approximately 4 times as much current as the 
short counterpoise as measured at the tower leg. Ata 
distance of 40 feet which, in this case, is the end of the 
short counterpoise, the long counterpoise is carrying 6 
times the current measured in the short counterpoise. 
It will also be noted that the current on the end of the 
short counterpoise is approximately the same, on the 
average, as that at the end of the long 150-foot counter- 
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poise, although in 3 cases the current at the far end of the 
long counterpoise is in excess of that entering the short 
counterpoise at the tower. The greater effectiveness of 
the long counterpoise in discharging current to ground is 
indicated clearly by the data. 

It was expected in the initial field instrument setup that 
a relation would be found between the currents measured 
in the tower legs and those measured in counterpoises. 
Currents measured in counterpoises and the tower leg to 
which they were attached have been plotted as fre- 
quency-magnitude curves in figure 4. The surprising 
features shown by these data, are, first, that the current 
in the long counterpoise is apparently greater than that 
in its tower leg; the current in the short counterpoise is 
more along the expected lines, being less than that in 
its tower leg. This may be partially explained by the 
fact that measurements in tower legs were made in the 
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Fig. 3. Attenuation of lightning currents = 
counterpoises on Glenlyn-Roanoke line, 1935-36 


A—Long counterpoise (30 records) 
B—Short counterpoise (9 records) 
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Fig. 4. Rela- 
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Fig. 5. Current distribution in counterpoises and 
tower legs on Glenlyn-Roanoke line, 1934-35-36 


A—Result of test on long (150-foot) counterpoise; test points 
indicated by circles 

B—Result of test on short (40-foot) counterpoise; test points 
indicated by crosses 


C—Calculated on d-c basis 


main legs of the tower and the cross lattice bracing may 
have shunted some appreciable part of the tower current 
past the measuring instrument. If this explanation for 
the larger current in the counterpoise than in the tower 
leg is correct then the individual tower leg currents shown 
in figure 2 would be considerably greater than indicated, 


_which would bring that curve even closer to the curve of 


average lightning stroke currents in figure 2. 

Typical data on current values in tower legs and counter- 
poises are given in table VII. These data show that 
although the ratio of currents in tower legs and counter- 
poises is remarkably constant in some cases from year to 
year or between one observation and the next one, there 


ELECTRICAL ENGINEERING 


Fig. 6. Magnitude and frequency 
of tower-arm currents on Glenlyn- 


Roanoke line, 1936 
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re nevertheless many cases where a wide range of ratios 
kists. Thus, the table which gives the records at 9 
ywers which were subjected to a lightning disturbance 
om 2 to 4 times in the 3 years during which the observa- 
ons were made, it will be seen that at tower 18R, for 
sample, the ratio of current in long counterpoise to that 
1 tower leg varied only from 1.65 to 1.47. At tower 21G 


the variation was from 1.09 to 1.39. Conversely, at 
tower 10G the variation ran from 0.55 to 2.28. Although 
it may be suggested that counterpoise and even tower leg 
resistances may have changed within a period of 2 years, 
it is, however, significant that ratios of from 2 to 1 for 
the long counterpoise current to tower leg currents, and 
from 3 to 1 for ratios of short counterpoise currents to 
tower leg currents have been obtained in the same year 
at the last mentioned tower, that is, 10G. It is suggested 
that these different ratios of current division between 
tower leg and counterpoise at a given location may be 
due to some extent to the difference of wave shape of the 
initiating lightning surge. 

To aid further, an analysis of the current distribution in 
tower legs and counterpoises the data in figure 5 are pre- 
sented. Here the ratio of current in the counterpoise to 
that in its tower leg has been plotted against the ratio 
of conductance of the same counterpoise to the same 
tower leg. The conductance of the tower leg has been 
calculated from the tower footing resistance measured 
before counterpoises were installed, (the tower, of course, 
being disconnected from the ground wire) on the assump- 
tion that the resistance of each tower leg footing was 
equal, that is, the resistance of one tower leg was 4 times 
the measured resistance of the 4 legs of the towers. The 
“shotgun” diagram of figure 5 does not permit drawing 
curves with any high degree of certainty. However, a 
characteristic trend is definitely indicated both for the 
long counterpoise and the short counterpoise. 

If it is assumed that the current distribution in the 
ground at the foot of the tower is on the basis of measured 
resistance only, then the current division should be pro- 
portional to the conductance of tower leg and counter- 
poise. Such a distribution of current is shown by the 
dotted curve in figure 5. An examination of that curve 


Table Vil—Lightning Currents in Counterpoises and Tower Legs; Glenlyn-Roanoke Line, 1934-35-36 
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Tower alone without counterpoise. 


Tower leg attached to long counterpoise only. CP = counterpoise. 
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t Tower leg attached to short counterpoise only. 
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Fig. 7. Lightning currents measured in towers of 132-kv Glenlyn-Roanoke line, May 4-15, 1936 


and of the 2 others in figure 5 seems to indicate that the 
short counterpoise apparently behaves very closely along 
the lines expected from a straight d-c characteristic, but 
that the long counterpoise carries considerably more 
current than can be explained from the standpoint of a 
d-c characteristic. It is recognized that the data shown 
in figure 5 are perhaps too erratic to permit definite con- 
clusions, but the general trend seems to be indicated. 


TOWER POTENTIAL 


In the past in analyzing field records of currents in 
towers, a procedure of multiplying tower current by the 
tower resistance was frequently employed to indicate 
potentials which could be compared with line insulation 
flashover and thus determine whether or not insulator 
assemblies should have been expected to flashover under 
the conditions encountered. In the authors’ investiga- 
tion work, in general, high tower potentials obtained in 
this way have almost, without exception, correlated with 
flashovers at towers carrying these high potentials. 
There are on record, however, a few cases where flash- 
over marks have been found on insulator assemblies and 
high tower potentials were not obtained by the method 
of calculated JR drop outlined here. 
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With the values of tower footing resistances and 
counterpoise resistances known, it is possible from the 
data obtained to make a comparison between the JR 
drop in the tower footing and the JR drop in long counter- 
poise and short counterpoise. This interesting com- 
parison is given in table VIII. Columns 9, 10, and 11 
give the voltage comparisons by these 3 methods of 
analysis. It may be noted that there is no regular con- 
sistency in the tower voltages indicated, although fre. 
quently there is very good agreement between the read- 
ings obtained by 2 methods, but the third method i: 
distinctly out of line. There are, of course, a number ot 
variables which cannot be evaluated readily and it seems 
that some of these will have to be investigated further 
before any general agreement can be reached as to the 
accuracy of determining tower potentials by any of thes« 
3 methods. 


TOWER ARM CURRENTS 


At the start of this work in 1933, in concentrating o1 
the measurement of lightning currents, the surge-cres 
ammeter was recognized as a device which, when locatec 
on tower arms, had the possibility of indicating whethe 
or not insulator assembly flashover had taken place 
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Fig. 8. Lightning currents measured in towers of 132-kv Glenlyn-Roanoke line, August 31-September 16, 1936 


The original application was made primarily for this 
ourpose. As the work progressed, however, it appeared 
hat it was possible to obtain calibrated current readings, 
and the records have been gone over and correlated on this 


tower arms are shown in figure 6. The outstanding 
point brought out by this group of curves is that the 
currents in the top tower arms were the highest, in the 
lower arms the lowest, and in the middle arms slightly 


gasis. The summarized data on current readings in greater than in the bottom arm but considerably less than 
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Table IX—Lightning Currentst in Tower Structures for Ground-Wire Currents of 20,000 Amperes and More 


Tower 


Tower 
Number Resistance—Ohms$§ Legs** Counterpoises*** 

SO Retaminsctuc sues Ooo foie es cree SA LOOM isc ictetiare dW eh RACES 
SOR veces sosnas Alisa crete cere 42 DOO sietetecehtase se fire se eae 
BORE a cmatele ses 1S hn ohereeuste sve OS, FOO! wtiets tetas Bos Beene 
CORA ccs vie iy Pictures septs 25 200 a. wae ty Pree Soe 
62R2 eae DG Mon IN 95600) ..n-pebiies FO ctotals Serer 
6SiRetae cic DO Gs he ee 29) OO rerrotetsserertere | Se gapeaRereciaei rae 
C5 Ries ite. sine os DAY rec EN Oe AO 38; LOO Menectasrescae Pi Mire cage 
GORE ne eee L154 ares 76:S00 meena ce Gob GHD Oe 
GAM eres sere SOMaxtinere sree 24 SOOR Mae) rere are CV EGIUUL Sa aon BAD 
TSG! asc.cen ae WL hare See erotic 20; 500i ace ee 165400 mcs eistexsce ote 
Q6G oy ara sa wet eee 1g Reena Puree LO;600 cm wateen.adavs LS 000 Seat ¢ 
DAUR GS ayevenoorrenete 5 OR cae 1 26,400 see ees saute 10,0002 ccna eee « 
DG. ais Gousha n wie Blea a cess ee ME LOO Soret ee crs 14400 5 temtareteetee 
LOG sv.teeaerecents Vt ee BI a RRR NE 28;600 octane aes 31,600) coe Grote. 6 

WIR see eater LO Peas Se ee 31/700 ee eee 22000 eee 
DEG Parte cerns AS oe tars pies = 29 O00 cay tari cosy SL ZOO en crevetevs suave 
NAGS sareticioiensns Din evareve iene 9300 aides sean ate OAM TONS ois ono oo a6 
SK cae teers BOG Ras ee ak ares L900 eee oreen 22,400 nas see es 
GOR  Aecitcte sateen 72 tien ote. U7, LOO eyes. <tc Pee eacie ie ebro 
CSR pevsas cicra oe US Tipette cis sects. NCOP OTNE oie Ss creer # 
6ORet i dhiewa ns Ol Misha als atarete 11 SOG8.5 3350 52% Pea TAS See 
PAS CM ToRmed ces CTS CO Oren 1G GOO reactance A. 20 Olstesaeveneve aiouels 
D1 Ge. ieee ace OG fe scatevei 3. -cdeuete S0;400% 8s seas LGA400 xe arocdtereeeere 
IR ee Sais Se oichoey oes GO eee vase ecede SG; 000i arene tos ME ZEOOO wi pacvetere tence 
OL 780 COED BOO BQ). Sebpeiais ree wie 2S DOO is wtersin s:sinceue TOR ZOOS caieusteie crate 


* Probable lightning stroke in mid-span. ** Total of 4 legs. 
tower top designated as positive. # No counterpoise installed. 


in the top arm. It may also be noted that the solid curve 
of figure 6, which shows arm currents where flashovers of 
insulator assemblies were known to have occurred, ac- 
counts for currents as high as 26,000 amperes and as low 
as 4,000 amperes. 

It is definitely known that tower-arm currents as low 
as from 3,000 to 5,000 amperes have been recorded in the 
field both with and without indication of insulator flash- 
over. These can be accounted for even without line 
flashover, on the basis that the tower leg at the arm 
location is shunted by the arm and its hanger bar. This 
consideration leaves somewhat uncertain the interpre- 
tation of tower arm currents. High arm currents, in the 
order of from 10,000 to 26,000 amperes, were recorded in 
1936 in only 5 cases, of which 2 instances were on flat-top 
towers without ground wires (of which there were 4 on 
the line). It is believed the remaining 3 cases were caused 
by direct strokes to the line conductors. This interpre- 
tation of tower-arm currents indicates a high degree of 
shielding afforded by the single conventional ground wire. 


GROUND WIRE CURRENTS 


Measurements in the ground wire itself at each side 
of a tower were first obtained this year. Typical readings 
of currents in the ground wire are shown in table VIII, 
column 8. Currents above 20,000 amperes and their 
distribution have been tabulated separately in table IX. 
The highest current measured in the ground wire, it may 
be seen, was 66,000 amperes but there are 25 records of 
currents above 20,000 amperes. If currents of this 
magnitude are to be expected in wires of a transmission 
system subject to lightning, serious consideration must 
be given to keeping currents of such magnitude out of 
stations if station apparatus is to be protected. Also, 
consideration must obviously be given to the ability of 
protective devices to handle lightning currents of this 
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*** Two times current in 2 counterpoises. 
§ Including counterpoise where counterpoise is installed. 


Sporn, Gross—Lighining Currents 


Ground Wire 


Tower Lightning 
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t Total current in all 6 arms. ¢ Currents toward 


magnitude, since these are considerably in excess of what 
has ordinarily been considered possible to reach a station 
where pre-station voltage limitation is provided for by 
steel tower construction and limited insulation for a 
reasonable distance beyond the station. Again, currents 
of this order, if they are to be taken as traveling waves 
associated with line surge impedance, indicate voltages 
far in excess of values which could exist on the line without 
flashover. There is room, therefore, in this connection 
for further research. 


TYPICAL FIELD RECORDS 


Typical field records showing currents obtained in tower 
legs, arms, ground wires, lightning rods, etc., have been 
charted in figures 7 and 8, and a close study of these, it is 
believed, will prove fruitful. It is from records of this 
type that the data summarized, presented, and discussed 
in this paper have been obtained. The double-reading 
indications on the ground wires in both figures are ob- 
tained from a proper calibration of the surge-crest- 
ammeter records; the reverse directions of current flow 
apparently indicate reflections of current. In general, 
such current oscillations are absent or of small magnitude 
in tower legs, arms, and in counterpoise readings except 
in the last where they are sometimes encountered in com- 
bination with high current values. 


Summary and Conclusions 


Based on the field data obtained on lightning currents 
during the past 4 years, part of which has been presented 
in this paper, the following conclusions seem definitely 
warranted: 


1. Although lightning stroke currents as high as 220,000 amperes 
have been indicated, it appears that the maximum stroke currents 
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Tooth-Frequency Eddy-Current Loss 


By PAUL NARBUTOVSKIH 


ASSOCIATE AIEE 


HE eddy currents in a 
squirrel-cage rotor bar 


may be measured by a 
method that occurred to the 
author some time ago; the 
method permits recording 
oy means of an oscillograph 
the current flowing at any 
particular point of a conduc- 
tor cross section, if the cross 
section and the distribu- 
tion of the current density 
in it remain substantially 
uniform throughout the 
portion of the conductor 
length along which the 
current flow is studied. A 
bar of a Squirrel-cage rotor 
essentially satisfies these 
requirements, being of a 
uniform cross section, and having a uniform distri- 
bution of the current density, at least through the 
stacked-iron length of the bar. 

At normal operating conditions the frequency of 
the fundamental working current in the bar is so 
low that the effect of the fundamental-frequency 
leakage flux upon the distribution of the current 
Jensity throughout the bar cross section is negligible; 
that is, the main current is distributed almost uni- 
formly throughout the cross section of the bar. 
This main current, however, is not by any means the 
only current flowing in the bars. Part of the funda- 
mental air-gap flux passes through the slots, and 
aence through the conductors, and the pattern of 
this slot leakage flux pulsates at the frequency of the 
passing stator teeth.4? As a result of this, tooth- 
requency eddy currents are produced in the rotor 
pars, the amplitudes reaching a very substantial 
value in some parts of the bar cross section, as 
shown by observation. The method of recording 
such currents by means of an oscillograph, to be 
lescribed later, provides a means of studying the 
turrent distribution in the bars and an experimental 
neasurement of the attendant power loss. The 
Jetermination of this power loss, its variation with 
oad, and the study of factors_causing its variation 
with load constitute the subject of this paper. 


Results and Conclusions 


The machine used for the experiments was a 
quirrel-cage motor, rated at 10 horsepower, 220 
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A method of recording, by means of an 
oscillograph, the eddy currents in various 
parts of the cross section of a squirrel- 
cage-rotor bar is presented in this paper. 
From such records the magnitude of the 
power loss caused by eddy currents, and 
its variation with load, may be determined. 
A series of tests of this nature has been 
made; the results, which the author believes 
to be correct in general, show that the 
change of eddy-current loss with load is 
negligible, thus simplifying the determina- 
tion of the composite stray-load loss of a 
squirrel-cage induction motor. 
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volts, 60 cycles, 1,200 rpm. 
The number of teeth in the 
stator was 72; the number 
of teeth in the rotor, 37. 
The shape of the rotor and 
stator punchings is given 
in figure 1, together with 
the dimensions of the rotor- 
bar section. 

As should have been ex- 
pected on the basis of A. B. 
Field’s* and J. J. Thomson’s‘ 
theories, the amplitude 
of the eddy currents was 
found to be a maximum 
on the surface of the bar 
(nearest to the air gap), 
decreasing rapidly with dis- 
tance from the surface in 
theinterior bar. The maxi- 
mum amplitude of the tooth-frequency eddy-current 
density on the surface was several times greater 
than the main working current density. In spite 
of this, the power loss caused by the tooth- 
frequency eddy currents was found to be con- 
siderably less than the copper loss caused by the 
fundamental working current, because the region of 
the high eddy-current density is limited to a com- 
paratively thin surface layer of the conductor facing 
the air gap. 

The actual magnitude of power loss caused by 
tooth-frequency eddy currents, based on oscillo- 
graphic records, was 27 watts. The copper loss 
caused by the main current, using the amplitude 
obtained from the oscillographic records, was com- 
puted to be 87 watts; as obtained from slip meas- 
urement, it was 85 watts. The values of the funda- 
mental current loss were computed as a check upon 
the correctness of results obtained from the oscillo- 
grams. 

The magnitudes of the tooth-frequency power loss 
just given remained substantially unchanged as the 
load was applied. If any change with load was 
observed in the particular motor tested, it was a 
decrease instead of an increase. Considering that 
the total power input to the motor at full load was 
approximately 10 kw, the tooth-frequency eddy- 
current loss constituted about 0.3 per cent of the 
power input at full load. Though this quantity 
itself is not entirely negligible, any observed change 
of it with load was much too small to be of any 
practical importance. The significance of this con- 
clusion is obvious, for no convenient method of 
testing a motor for the change of this item with 
load is available. A possibility of neglecting it sim- 
plifies the problem of testing for the stray-load loss. 

Though no experimental data on other motors is 


253 


available, this conclusion very likely applies to all 
motors in general. There is every reason to believe 
that the tooth-frequency eddy-current loss in other 
motors has a relatively lower value than in the motor 
tested, for the latter had very thin rotor-tooth 
shoulders, and shallow slots, with a consequent 
large area of bar surface facing the air gap, where 
the eddy current density is particularly large. 


Method of Measurement 


The method of recording the current flowing at 
any point of the bar cross section can be explained 


Fig. 1. Diagram showing dimensions of stator and rotor teeth 


and location of test conductors 


Dimensions are in inches 


with reference to figure 2. It requires placing an 
insulated test conductor a—d, within the bar mate- 
rial, and at that point of the bar cross section where 
- the current to be recorded flows. One end of the 
test conductor a is connected directly to the oscillo- 
graph, and the other end is connected to the rotor 
bar at point c. Point d of the bar is the terminal 
of the other lead to the oscillograph. The instan- 
taneous voltage appearing between leads a and d 
can be shown to represent correctly the density of 
the instantaneous bar current flowing along path 
a—b, that is, 


€ad = Kéab 


where @ga is the voltage between leads a and d and 
dao is the instantaneous current density along path 
a—b. This follows from consideration of the equa- 
tion giving the total electric potential between 
points a and d 


OB ey 
€ad = K,— sin 6 -+ 6p cos y |dl 
abcd ot 


“6 


where 

B = magnetic flux density along the path of integration 

B = angle between the direction of the magnetic flux and the path 
of integration 

= current density along the path of integration 

y = angle between the direction of current flow and the path of 
integration 

p = resistivity of the material 


The subscript below the integral sign indicates the 
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path along which the integral is taken. This integral 


can be divided into 2 parts: 


Pe {| [X]dl + if [X]al (1) 
abc cd 


in which X denotes the quantity inside the brackets 
in the previous equation. The first term is taken 
along the test conductor and the second along some 
path within the bar. The path c—d, being arbitrary, 
can be taken along the surface of the conductor from 
c to b’, then alongside the test conductor from 0’ toa’, 
and on the surface from a’ to d. The end surfaces 
of the bar are outside any magnetic influence and 
the current density along them is zero; therefore, 
all points of these surfaces are at the same magnetic 
potential. Hence, the integral along these surfaces 
will disappear, and 


i [X]dl = f, [X]dl 
cd ba’ 


taken in the immediate vicinity of the test conductor 
in the bar material. 
Considering now equation 1 again 


éad = if [X]dl + f [X]dl 
abe b’a’ 
oB 
= K,— sin Bdl + {i pd cos ydl + 
abc ot abe 


oB 
Ko— sin Bdl + ff 6 cos dl (2) 
bla! ot ba’ 


Since the paths a—b and b’—a’ are in the immediate 
vicinity, and neglecting the integral along b—c, 


oB , OBEP 
lke Ker sin B-dl +f), Be ao Bdl = 0 (3) 


Also, if the circuit of the test conductor is linear, with 
impedance Z, and current 7 taken by the oscillograph, 


J, pi cos ydl = —iZ (4 
ab 
The use of equations 4 and 3 reduces equation 2 to 
€ad = —1Z + i; pd cos ydl 

ba’ 


When the distribution of current density is uniform 
along the bar, 6 is constant, y = 0, and this expres. 
sion reduces to 


ym Zp esta (5 


Sy’ being the current density in the bar along the test 
conductor. The condition of uniformity of the 
distribution of current density is fulfilled along the 


Fig. 2. Sketch of 
the device used 
to detect eddy 
currents in various 
parts of the cross 
section of a rotor 


bar 


ROTOR BAR 


TO OSCILLOGRAPH 
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“ig. 4. Oscillograms of tooth-fre- 
quency eddy currents in the trailing 
suter corner of a rotor bar for 
jarious conditions of operation 


A—No load 

3—Motor load 

>—Generator load 

J—Motor load with bar disconnected 


major part of the bar length. The ends of the bar 
near and beyond the length of stacked iron un- 
doubtedly introduce a slight irregularity in the re- 
sultant voltage, but the effect of this irregularity 
cannot be important practically. 

The use of a vacuum-tube amplifier was found to 
be necessary to record the voltage a—d on the 
oscillograph. This further simplified equation 5, 
for 7 = 0 and 


fad = pdb'a'l 


This equation merely states that the voltage between 
points a and d is proportional to the current density 
in the bar along a—. 

For the purpose of the present study 14 conductors 
were placed in one rotor bar, 9 of which were located 
at different points on the surface, and 5 inside of the 
bar. The location of the test conductors is given on 
figure 1. 

To place the conductors inside the bar, slots 25 mils 
wide were milled as indicated by the dotted lines on 
figure 1 to the depth at which the test conductors 
were to be placed. A steel piano wire of a diameter 
slightly larger than number 26 enamel-insulated 
copper wire, used for the test conductors, was then 
placed at the bottom of the slots, and the slots were 
filled with sheet copper, soldered to the walls of the 
slots. After pulling out the steel wire, very fine 
canals were formed parallel to the axis of the bar, 
just large enough to place the test conductors inside 
without injuring the insulation. This method of 
placing the test conductors inside of the bar impares 
somewhat the homogeneity of the bar material. It 


MOTOR LOAD 
__NO LOAD Q __ [GENERATOR LOAD 
| 


Fig. 3. Diagram 
showing distribu- 
tion of the ampli- 
tude of tooth-fre- 
quency eddy cur- 
rents on the sur- 
face of a rotor bar 


ROTOR GAR Ulan 


I at 
> IN. a yi . 
LS 3 ae / The scale of ampli- 


ae i pe tude is in hundredths 
of an inch 
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is doubtful, however, that the effect can be appre- 
ciable, for the layers of solder introduced were 
extremely thin. 

With the 14 test conductors a series of oscillograms 
was taken, one set of 3 different conditions of opera- 


tion for each of the test conductors. These condi- 


tions of operation were: 


1. No load, motor idling on a line at rated voltage. 

2. Approximately full motor load at rated voltage. ; 
8. Generator load at rated voltage, with the slip the same as for the 
second test. 


The general character of the eddy current wave can 
be obtained from the reproductions of some of the 
oscillograms given in figure 4. 


Effect of Load 


Before considering the power loss caused by the 
tooth-frequency eddy currents, it seems advisable 
to understand the factors producing a change in this 
loss as the motor is loaded. The only factor pro- 
ducing the tooth-frequency flux pulsation in the 
rotor slots at no load is the tooth-frequency com- 
ponent in the permeance distribution along the 
stator periphery. When the motor is loaded, the 
load currents produce an additional component of 
the tooth-frequency flux, because of the tooth-fre- 
quency component in the distribution of the mag- 
netizing force along the stator periphery. As a re- 
sult, the amplitude of the tooth-frequency pulsations 
may be expected to increase with load. 

Actually the situation is considerably complicated 
by the effect of saturation of the rotor-tooth shoul- 
ders, produced by the combined effect of the rotor 
leakage flux and the main air-gap flux of the machine. 
The observed distribution of the eddy-current density 
for different load conditions can be seen from the 
oscillograms of figure 4 and also from figure 3, which 
gives the distribution of the eddy-current density on 
the surface of the bar, obtained from the oscillograms. 
An almost symmetrical distribution for no load be- 
comes greatly distorted when the machine is loaded 
either as a motor or as a generator, but the character 
of distortion is different in the 2 cases. For motor 
operation, the amplitude of the tooth-frequency eddy 
current is increased in the region of the trailing 
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corner of the bar and greatly decreased in the leading 
corner. For generator operation, the effect is re- 
versed: the amplitude is greatly decreased in the 
trailing corner of the bar, and increased in the leading 
corner. ‘This difference between motor and genera- 
tor operation immediately suggests the explanation 
of the phenomenon, which can be readily understood 
with reference to figure 5. This illustration shows 
the relative direction of the main flux and rotor- 
leakage flux in the rotor-tooth shoulders. As can 
be seen from figure 5a, when the machine is operated 
as a motor the leading (with respect to the center of 
the bar) tooth shoulder operates at a lower flux 
density than does the trailing tooth shoulder, for the 
main and rotor leakage fluxes here oppose each other. 
As a result of this low flux density, the leading tooth 
shoulder acts as an effective magnetic shield, reducing 
the influence of the tooth-harmonic flux in the leading 


Fig. 5. Diagrams 
illustrating the ef- 
fect of rotor leak- 
age flux and main 
flux upon the mag- 
netic saturation in 
the —_rotor-tooth 

shoulders 
(a}—Machine opera- 


ROTATION 
ting as a motor 
(b)—Machine opera- 


Pu Yu 
YiR YLR 
- z 
(a) 
ting as a generator 


om—Main flux 
- + =e é~r—Rotor leaks ae 
ux 


(b) 


corner of the bar. The trailing tooth shoulder, on 
the contrary, operates at a high flux density and 
therefore produces little or no shielding effect. 
When the machine is operated as a generator the 
direction of the leakage flux reverses with the result- 
ant reversal of the effect in the leading and the 
trailing corners of the bar. A conclusive proof of the 
origin of the redistribution of eddy-current density 
with load is obtained by operating the machine with 
the test bar disconnected from the short-circuiting 
ring at one end, thus preventing the main current 
from flowing. Under this condition the effect was 
found to disappear, because the leakage flux had 
been largely eliminated. 

For the particular motor used the effect of satura- 
tion in the tooth shoulders was pronounced, as can 
be seen from figures 3 and 4. The net change of 
power loss produced by the effect may be either an 
increase or a decrease, depending upon the design 
of the punchings and the conditions of operation. 
Without attempting a rigorous analysis, the design 
of the punchings and the conditions of operation may 
be said to affect the eddy-current redistribution in 
the following way: When the shoulders are operated 
at a fairly high fundamental flux density, so that 
their shielding effect is small, the addition of the 
leakage flux may be expected to result in a decrease 
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of the total eddy-current loss. This result may be 

expected because the increase of flux density in one 
of the shoulders will not reduce its shielding effect 
appreciably, being small already. On the contrary, 
a decrease in the flux density in the other tooth 
shoulder may bring it to a point of high permeability, 
and hence increase the shielding effect of the shoulder 
more than enough to offset the decreased shielding 
effect in the other shoulder in their common effect 
upon the eddy-current losses. The opposite result 
may be expected, if the main flux alone does not 
saturate the shoulders. The eddy current loss in 
the conductors remains low at all times, if the 
shoulders provide effective shielding at all loads, 
that is, when no saturation is caused even by the 
combined action of the main and the leakage fluxes. 


Method of Computation 


For the purpose of computing the tooth-frequency 
eddy current loss in the rotor, using the observed 
current amplitude distribution, Field’s equation, 
giving the distribution of the eddy current density — 
inside of a solid piece of conducting material in 
terms of the current density on the surface, was 
employed: 


bx’ = e765! sin(wt — mx) (6) 

where 

6x’ = instantaneous current density at a distance x from the surface 
along a normal 

6s’ = current density on the surface 


m = 27104 of 
10p 


4 = permeability of the material 
f = frequency of the eddy currents 
p = resistivity of the material 


This equation states that the eddy-current density 
distribution along distance x normal to the surface 
has a character of an attenuated wave. For the 
purpose of this analysis, only the total amplitude 
variation with x, instead of the instantaneous value 
of 6,’ is of importance. This is obtained by drop- 
ping the function sin(wt — mx), which reduces equa- 
tion 6 to 
dg = bse” (7) 
where 6, and 6; denote the total amplitudes of the 
eddy currents at a depth x, and at the surface, re- 
spectively. 

Equation 6 is developed for the following condi- 
tions: (1) uniform phase and amplitude of 6 on a 
plane surface; and (2) a piece of material thick 
enough to allow the eddy-current wave to disappear 
largely before it reaches another boundary surface, 
that is, there is an absence of reflections of the wave 
within the conductor. 

The first of these 2 conditions is not realized in the 
actual case observed. This fact is accounted for 
later in the application of equation 6. The second 
condition is sufficiently realized for the observed eddy 
current amplitude attenuates with sufficient rapidity 
to obviate any appreciable effect of reflections. In 

(Concluded on page 260) 
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Reactance of End Connections 


By J. F. H. DOUGLAS 


MEMBER AIEE 


paper is to suggest cer- 

tain lines of attack 
upon the problem of end- 
connection reactance, which 
it is hoped will lead to more 
accurate formulas than are 
available at present. No 
completed solutions are 
given, because it is felt that 
the proposals should be dis- 
cussed thoroughly before 
the details are filled in by 
calculation. In this way 
the path will be clearer for 
further research. 

There are 2 methods of approach at present to the 
subject of end-connection reactance. The first con- 
sists in supposing the poles, armature, iron, and slot 
conductors removed, and the end-connections joined. 
On this basis, Ampere’s equation may be applied and 
formulas for the specific permeance of self-induction 
per centimeter of endturnfound. These expressions 
are of the type 


Tex PURPOSE of this 


P’ = 0.2 log. = +C (1) 


In this equation D is the diameter of a circular or the 
side of a square end-connection, 7 is the geometric 
mean radius of the coil, and C is a constant depending 
on the form of the coil and may be approximately 
fom —0:.05 to: —0A10. 

A second line of approach is to assume a potential 
function over the surface of the end-connections of 
the form 


V = M sin (rx/A) cos (ry/B)e-Cs (2) 


In this equation A is the pole pitch, 6 is the axial 
length of both end connections, and C is chosen to 
satisfy Laplace’s equation. The x co-ordinate is 
measured parallel to the circumference, y parallel to 
the shaft, and z along a radial line. The origin is at 
the intersection of the armature surface, the point of 
reversal of magnetomotive force, and a plane perpen- 
dicular to the shaft and flush with the pole ends. 

It will appear from the discussion that both of these 
lines of approach are equivalent to an erroneous 
placement of a Rayleigh flux partition perpendicular 
to the shaft and flush with the pole ends. The sec- 
ond equation also implies a Rayleigh conducting par- 
tition placed perpendicular to the shaft and at the 
ends of the armature winding. 

The assumptions made in this paper are as follows: 
Ampere’s law may be applied to determine end-con- 
nection fields, provided image conductors are as- 
sumed in certain Rayleigh conducting and insulating 
partitions. When a plane iron surface is slotted, and 
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Use of image conductors in iron, of Ray- 
leigh insulating partitions, and of images of 
conductors in these partitions is shown in 
this paper to afford one possible line of at- 
tack on the problem of the reactance of the 
end: connections of electrical machinery. 
The use of 2 other methods to reduce the 
field in the end zone to a basis where Am- 
pere’s equation may be correctly applied is 
also suggested. 


Douglas—End-Connection Reactance 


there is a difference of mag- 
netic potential across the 
gap thus formed, the gap 
may be closed with a fic- 
titious conductor carrying 
current opposite to the 
currents establishing that 
difference of potential. 
The Schwarz - Christoffel 
theorem may be used to 
transform certain known 
fields into other new and 
useful fields with different 
boundary shapes. Ray- 
leigh insulating partitions 
may be placed perpendicular to the shaft only so as 
to join the edges of the pole in the interpolar regions. 
Radial Rayleigh insulating partitions may be placed 
at the edges of the poles so as to divide the end zones 
into polar and interpolar regions. 


Inductance and D-C Machines 


_ Figure 1 shows several examples of conductors near 
iron. The symbol S is used to denote stator iron, R 
rotor iron, P polar iron, Y yoke iron, and A armature 


Fig. 1. 


Image coils in iron 


iron. The symbol C denotes an armature end con- 
ductor, and F a field coil. By placing the image 
conductors J as shown the iron surfaces may be elimi- 
nated because of the symmetry. The figure shows 
several important cases. At the left is shown a basis 
for the leakage inductance of an induction motor, in 
the center a basis for the inductance of a coil of a 
d-c machine undergoing commutation, and at the 
right the means in part for estimating open-circuit 
reactance of an induction motor. So far as these 
fields are 2-dimensional, reference may be made to 
A paper recommended for publication by the AIEE committee on electrical 


machinery. Manuscript submitted July 29, 1936; released for publication 
October 1, 1936. 
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Hague,’ who has developed the idea of image conduc- 
tors in a number of cases. 

Several examples of the use of a fictitious conductor 
FC to close an air gap and establish a required po- 
tential difference across the gap are shown in figure 2. 
The current must be equal and opposite to that in the 
other coil. There are image conductors in this case 
also, but for simplicity they are not shown. They 
are governed by the same rules asin figure 1. At the 
left in figure 2 is a basis, in part, for the estimation of 
the open circuit inductance of an induction motor; 
in the center is a basis for estimating pole-end leak- 
age from a d-c machine; and at the right there is 
combined the left-hand picture of figure 2 with the 
right-hand picture of figure 1 as the complete picture 
of 2 coils co-operating to establish 2 iron surfaces at a 
definite difference of potential. 

Figure 3 shows a conductor C in the corner between 
2 perpendicular Rayleigh partitions. The plane RI 
is an insulating plane, while RC is a conducting plane. 
This gives rise to the image conductors as shown, and 
the inductance of this field may be found by Ampere’s 
equation. The Schwarz-Christoffel? equation may 
be used to transform the field in the quadrant to that 
in the infinite half plane shown at the right. The 
equations applying to this case are 


dz/dt = S\V/ t (z/a)? (3) 


where (z = x + jy) is the co-ordinates of any point 
in the Z plane or left-hand figure, and (¢ = gq + js) 
is the co-ordinates of the corresponding point in the 
T plane or right-hand figure. The inductances of the 
2 fields are the same. The radius of the conductor is 
doubled, and the angle @ doubled in the right-hand 
figure. This boundary condition is useful in esti- 
mating inductance of end connections in one of the 
zones into which the field may be divided. 

Figure 4 shows 2 current elements symmetrically 
located on either side of a plane surface. The figure 
shows the elements, a point P on the plane of sym- 
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Image conductors, direct reaction 


metry, the radii vectors from the elements to th 
point P, and the angle between the elements and the 
radii vectors, all in orthographic projection. Twe 
cases are shown establishing conditions for the plane 
of symmetry being respectively a Rayleigh insulating 
and a Rayleigh conducting plane. It is the basis fo: 
establishing image conductors for the 3-dimensiona 
case. 


Synchronous Machines 


In figures 5 and 6 the end connection field of a syn 
chronous machine is analyzed and methods of com 
puting inductance are established. In figure 5 di 
rectly magnetizing conditions are shown, and i 
figure 6 transversely magnetizing conditions ar 
shown. At the left of both figures the poles, the in 
terpolar spaces, and the armature iron, as well as th 
field and armature coils, are shown in orthographi 
projection. Also shown are assumed insulatin; 
Rayleigh partitions, dividing the end connection zon 
from the zone over the armature surface, and dividin, 
the end-zone into 2 regions, namely a polar zone 
opposite the polar iron, and an interpolar zone oppo 
site the interpolar regions. Although these assume 
planes cramp the flux, it is believed that less erro 
results from them than from those used as the basi 
of present formulas. The insulating Rayleigh plane 
are designated by the symbol RI. The iron sut 
faces constitute Rayleigh conducting planes. 

In the center and right-hand parts of figure 5 th 
Rayleigh partitions, the coils of the armature an 
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| Fig. 7. Experi- 
‘ mental analogue 
| for testing end- 
| connection react- 

ance 


CENTER LINE 


A—Water trough 

B—Brass rod at trace of armature coil 

C—Mauller brush electrode at trace of field coil; 128 wires lead in 
D—Housing iron 

E—A\rmature iron 

F—Field iron 

G—Yoke iron 

H—Spider iron 

J—Sheft iron 

K—Rayleigh insulating plane; made of copper in model 


All iron surfaces are made of insulation in model 


eld designated by C and F, and their images are 


hown. In the center figure the image system for the 
olar zone is shown, and in the right-hand figure the 
nage system for the interpolar zone. In the eleva- 
ion view of the interpolar zone an inconsistency may 
e noted, caused by the vertical plane being in part 
n insulating, and in part a conducting plane. This 
1ay be resolved in 2 ways. If the line AI is assumed 
0 be drawn adjacent to the armature too small an 
iductance is obtained, but there is the image system 
, which can be calculated. On the contrary, if a 
ayleigh conducting plane KC; is placed just under 
he armature conductors, the image system J, and I, 
; obtained which gives an inductance approximately 
wice as great as the former, and which is too large. 
. compromise value will therefore be subject to an 
ncertainty of 33 per cent. It is hoped that discus- 
on may show the way to a better solution of this 
articular zone. 

In figure 6 there is at the left the orthographic 
rojection of the machine structure, together with as- 
ymed Rayleigh insulating partitions. In the center 
the image system in the polar zone and in the right 
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hand part is the image system in the interpolar zone. 
In this case, in the polar zone, it is necessary to intro- 
duce the artifice of the fictitious conductor for closing 
the gap and establishing the needed difference of 
potential across the gap, between the polar and arma- 
ture iron. In the elevation at the right it may be 
noticed that the image of C is either I; or I, according 
to whether the line RJ or RC is taken for forming the 
image. ‘This case is really the Rieman surface which 
was resolved in the discussion of figure 3. 

If the basic assumptions indicated here should 
prove valid, a program of research would include the 
evaluation of the inductance of single coils, groups of 
coils, and the effect of mutual inductance. This 
would be built up into combined coefficients for the 3 
symmetrical components of current and for both the 
steady and the transient states. 

The effect of variations in the boundary conditions 
such as those caused by the proximity of iron of the 
frame, housing, and shaft may in some cases be re- 
solved by the Schwarz-Christoffel transformation, 
but the greatest promise is offered by the use of an 
experimental method devised by Mullner.* In 
figure 7 is shown a diagram of a water tank in which 
the conjugate field of end connections may be set up, 
in the form of an electrokinetic analogue. The ex- 
perimental arrangements include a brush electrode 
for a field coil, a circular rod for the armature coil, and 
the use of copper on the boundary for Rayleigh in- 
sulating partitions and of insulation on the bound- 
ary for Rayleigh conducting partitions. 

A solution of the problem of end connection induc- 
tance is to be desired not only for its own sake, but 
also as an aid in estimating of losses caused by such 
fields in nearby metal. 
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Lightning Currents in 132-Kv Lines 
(Continued from page 252) 


rarely exceed about 150,000 amperes. Only 10 per cent of the 
measured currents were in the range above 70,000 to 100,000 am- 
peres. 


2. Single-tower currents showed 100,000 amperes as a maximum, 
with 10 per cent of them above 45,000 amperes. Apparently fairly 
definite relationships between current magnitude and frequency of 
occurrence exist. Such data used in combination with tower- 
footing resistances are helpful in predicting the lightning performance 
of transmission lines. 


3. Counterpoises in the order of 40 feet long are far less effective 
in discharging lightning currents to ground than longer counter- 
pojises of say 150-foot length, the ratio of currents being in the 
order of 1 to 4 respectively at the point of attachment to the tower. 


4. The short counterpoise not coupled with the line discharges 
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lightning currents in a manner closely following its expected per- 
formance from the standpoint of its ohmic conductance to ground. 
The long counterpoise, coupled with the line (underlying it), dis- 
charges currents of the order of twice this value, on the average. 


5. Currents recorded in tower arms have yielded no conclusive 
data. It would appear that in view of the fact that only 3 records 
of currents were obtained in 1936 in excess of 10,000 amperes, 
under conditions attributable to direct strokes to line wires, that 
the present typical construction with one ground wire of the Glenlyn- 
Roanoke line is giving a high degree of shielding of the line wires. 
Two similar records were obtained at one point on the line, where 
for structural reasons the ground wire was absent. 


6. The high currents measured in the ground wires (66,000 am- 
peres maximum) indicate the necessity of adequate shielding of the 
line at station entrances. They also clearly show the need of 
knowing more definitely the characteristics of lightning-protective 
devices, in view of the possibility of much higher currents through 
these devices than have been considered in the past. 


7. Previous field investigation work on lightning effects on elec- 
trical lines and equipment has yielded many valuable data which 
are useful in evaluating the factors affecting the operating per- 
formance of such equipment under lightning conditions. 


The breaking down of the over-all picture of lightning 
on a line into its component parts, to determine the 
currents in the various parts of the electric circuit as 
covered by the planned investigation work presented in 
this paper, is beginning to give a clearer understanding 
of what is actually taking place in the various parts of 
the entire lightning circuit. The situation is steadily 
being approached where lightning currents in the elec- 
tric system can be predetermined with some degree of 
assurance, which should be of paramount value in pro- 
viding protection to lines and equipment and determining 
the duty on protective equipment. However, a great 
deal of the unknown remains to be explored. 
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General 


Tooth-Frequency Eddy-Current Loss 
(Continued from page 256) 


fact, it decays faster than is predicted by equation 6, 
which is probably a result of the phase difference 
between eddy currents at different points of the bar 
surface. It follows from this observation that the 
eddy-current loss computed on the basis of equation 6 
will not be less than the actual value. 

Using equation 7, the power loss per unit area of 
the conductor surface is 


P 4 dz \? ul * ante pos? 
aie << = = 2 dx = 8 
bl ap c Ga eprase i} : ** 16m Y 


where b and / are the width and length, respectively, 
of the conductor surface at which power loss P takes 


place, and 3,/ (2/2) is the effective value of the current 
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density at distance x from the surface. This equa- 
tion requires 2 modifications before it can be applied 
to this analysis: (1) to account for the variation of 
the eddy-current amplitude that takes place at the 
frequency of the fundamental rotor current and its 
multiples; and (2) to account for the nonuniformity 
of the eddy-current amplitude on the surface of the 
conductor as given by figure 3. 

The first of these conditions can be met approxi- 
mately by assuming that the shape of the eddy- 
current wave is a pure sine wave, 100 per cent modu- 
lated by a fundamental-frequency sine wave given 
by a function 


5 = 6m sin wt (1 — sin wyt) 


w, being the angular velocity of the tooth ripple, and 
w, being that of the fundamental rotor current. 
This assumption introduces a factor into equation 8 
equal to a ratio of power loss with modulated and 
unmodulated waves. The value of this factor is 
then 


200 


= ot bm? sin w;tdt 

On the assumptions that the value of the ratio w,/w, 
is large and is an integer, both of which are reason- 
able since the value of w/w, is of the order of 1,000 
or greater, the value of K reduces to 


K = 0.113/0.5 


To overcome the difficulty caused by nonuni- 
formity of the distribution of current density on the 
surface, as an approximation the distribution of the 
eddy-current amplitude along any normal to the bar 
surface may be assumed to comply with equation 7. 
Measurements show that the amplitude within the 
bar is less than that given by equation 7; hence, 
the actual power loss is less than that computed on the 
basis of equation 7. Equation 8 therefore may be 
written in the form 


(7) 
l Vay Fqae 


db 16m 
The power loss per unit length of the bar will be 


P _ (° 2:118p5sm* 
L Jo 0.5 X 16m 


This integral was evaluated by numerical integration, 
using values of 6;,, obtained from figure 3. The result 
obtained, 27 watts for all the bars in the rotor at 
no load, probably is greater than the true value. 
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First Report of Power System Stability 


employed in this report, 

is concerned with the 
successful parallel operation of 
a-c machines as affected by 
the magnitude of power trans- 
mitted. While this problem 
has existed since the beginning 
of parallel operation, it is only 
within the past 10 to 15 years 
that it has assumed a position 
of major concern. During this 
period stability has received a great deal of attention in 
papers before the AIEE and in the technical press. The 
development of analytical methods for predicting power 
system performance has been followed by methods for 
improving stability. However, during this period the 
general subject of stability has not been comprehensively 
reviewed by any AIEE committee. Hence, this ‘First 
Report on Power System Stability’? has been prepared for 
the purpose of reviewing the developments and of sum- 
marizing in so far as appears practicable the present status 
of the art in this field. 


See in the sense 


Historical Review 


The early problems of parallel operation were concerned 
principally with the phenomenon known as hunting. 
Prior to 1890 parallel operation of synchronous machines 
was accomplished in isolated instances. The problem 
did not assume importance until after the change from 
belted machines to engine-driven machines and from 
smooth to slotted armature construction. At about this 
time the necessity for parallel operation became general 
and the hunting problem approached serious magnitude. 
The cause was not well understood. It was variously 
ascribed to the presence of harmonic circulating currents, 
to the pulsating torque of the prime-movers, to the corre- 
spondence of the electro-mechanical period of the power 
system and the periodicity of the impulses of the prime- 
movers and to the improper design or functioning of 
prime-mover governors. Considering the complexity of 
these problems, particularly during the transient condi- 
tions involved in the hunting phenomena, it is not sur- 
prising that the state of the art at the time made exceed- 
ingly difficult the determination of the true cause of 
hunting. Probably the most successful method for mini- 
mizing hunting was the introduction of the damper 
winding proposed by LeBlanc in France in connection 
with alternators and independently by Lamme in the 
United States in connection with synchronous converters. 
Gradually the essential factors of the problem were under- 
stood and the question of harmonic circulating currents 
eliminated. In the first decade of the present century 
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the problem ceased to be one 
of serious importance. The 
principal reason for this change 
in the situation was the intro- 
duction on a large scale of 
constant-torque type prime- 
movers in hydro-electric and 
steam turbines. The great in- 
crease in the size of the power 
systems made them inherently 
more stable and less subject to 
disturbances arising from the 
peculiar characteristics of an individual machine or appli- 
cation. However, the problem still existed in connection 
with special applications, such as those involving gas 
engine prime-movers or synchronous motor-driven com- 
pressors. It was also found that hunting was likely to 
be encountered with synchronous converters if the supply 
lines had a resistance drop of more than 15 per cent. 
During the last 20 years hunting has not been a serious 
problem considering the operation of power systems as a 
whole. 

Another type of the general problem of parallel opera- 
tion is one involving the ability to maintain synchronism 
both during steady-state or normal circuit conditions and 
during transient conditions, such as those arising from 
sudden increase in load, change in circuit condition, or 
occurrence of a short circuit with its subsequent clearing. 
This problem, commonly called the stability problem, is 
concerned with power limits and is distinct from the 
hunting problem which is characterized by periodic phe- 
nomena. In the early days it was recognized that syn- 
chronous and induction motors had very definite power 
limits. However, this was viewed as a machine problem; 
the corresponding system problem did not at this time 
receive consideration. 

The methods for controlling voltage regulation were not 
well developed; the automatic tap changer under load, 
the feeder voltage regulator, the automatic generator 
voltage regulator, the use of synchronous condensers for 
voltage control were either not employed at all or not to 
the degree to which they are today. Consequently, the 
effort was directed to provide systems of good inherent 
regulation which was obtained generally by making lines 
and apparatus of low impedance. This practice to 
achieve good voltage regulation and the use of multiple 
circuits to minimize interruptions of service resulted in 
systems capable of transmitting relatively large amounts 
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of synchronizing power with corresponding high power 
limits under normal operating conditions. 

With the advent of the automatic voltage regulator 
and its application to condensers at the receiving end of 
long transmission lines it became possible to obtain good 
local regulation from a system which had high reactance 
and low synchronizing power. Thus it became practical 
to operate systems much closer to their steady-state sta- 
bility limits. While this combination solved the voltage 
regulation problem, its exploitation in the course of time 
led to the transmission of large blocks of power per circuit 
and consequently to the stability problem. 

Parallel with this development of long-distance straight- 
away transmission, interconnections of large power sys- 
tems for economic and emergency purposes led to a differ- 
ent form of the stability problem. The character of the 
operation in this case depended very largely upon the 
properties of the tie line. Frequently these lines operated 
quite satisfactorily for steady-state conditions but in the 
event of a disturbance on either system, if the tie line 
were incapable of transmitting sufficient synchronizing 
power, instability would be inevitable. However, it was 
found that no difficulty was encountered except during 
severe faults if the systems were tied solidly together 
through tie lines designed to carry a large amount of load. 
Troubles were for the most part encountered on systems 
which were connected through fringes or through so-called 
“shoe string’ lines. Interconnection to reduce cost and 
improve service reliability thus became a factor in the 
problem. 

Concurrently, consideration was being given to the use 
of generator and bus reactors for the purpose of limiting 
the interrupting capacity required of circuit breakers. 
These layouts also affect system stability by decreasing 
the synchronizing power under conditions before and after 
the fault is cleared and by reducing the severity of the 
disturbances themselves during the fault condition. 

About 1920 the work on the power circle diagram in 
connection with long distance power transmission focused 
attention to the margin of power between the operating 
point and the theoretical stability limit. This led to 
exhaustive tests, both in the laboratory and in the field, 
for establishing the characteristics of power systems under 
steady-state conditions and during transient disturbances. 
In 1925 a case of instability occurred on a long-distance 
high-capacity transmission system in which the system 
was operating under steady-state conditions while por- 
tions of the paralleling line were out of service for main- 
tenance and repair. While the possibility of pull-out 
had been recognized before this experience, its occurrence 
nevertheless did stimulate further careful investigation of 
stability limits of long transmission systems. As a result 
of the interest in the subject and the development in the 
methods of calculating electrical systems, it was found 
that system oscillations during disturbances could be pre- 
dicted with satisfactory accuracy by step-by-step methods. 
This has been substantiated by the data on power system 
oscillations obtained during (1) scheduled tests and (2) 
normal operation by means of automatic transient re- 
cording apparatus. 
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Attention was then directed toward methods for im- 
proving system stability including consideration of the 
power system layout and operation as well as features of 
the apparatus. As a result of this work a number of 
important changes in practice came about, concerning 
particularly the reactance of synchronous machines, the 
speed of response of excitation systems, and characteristics 
of automatic voltage regulators. The most successful 
modification of practice in order to improve stability has 
been the recent developments of high-speed circuit 
breakers and relays. Consideration has also been given 
to the control of all factors in the problem with a view to 
co-ordinating them to give the maximum improvement 
in stability at a minimum cost. 


Methods of Analysis 


Parallel with the recognition of the importance of the 
stability problem the necessity arose for the development 
of methods for calculation. Thus about 1922 engineers 
seriously undertook to determine the stability limits of 
power systems; they set about the task of predicting the 
time variation of angle, power, and voltage quantities for 
all types of transient disturbances. Prior to this time the 
basic ideas relating the power, angle, and voltages of simple 
systems were understood but it was necessary to extend 
these basic concepts for the more complicated problems 
under consideration. An example of these extensions is 
the power circle diagram which was developed to include 
distributed capacity and general networks. The ana- 
lytical work back of the circle diagram was extended, 
covering not only the case of 2 machines but 4 or more 
machine cases for which the circle diagram is not applicable. 

The power circle diagram was early found to be of 
considerable value in pointing out maximum power limits 
and requirements in reactive kilovolt-amperes to maintain 
system voltages. It was also helpful in obtaining power- 
angle relations between 2 ends of a long line, particularly 
between points of maintained voltage. 

Since the stability problem is so closely related to the 
characteristics of machines the next development was the 
extension of the Blondel 2-reaction method to include the 
transient performance of machines with salient-pole rotor 
construction. 

Undoubtedly the most important analytical develop- 
ment in the general field of unbalanced polyphase prob- 
lems is that of ‘‘symmetrical components.’’ Applied to 
the stability problem, it became possible to calculate the 
distribution of current and voltage throughout the system 
during periods of unbalanced faults and also to determine 
the equivalent balanced positive-sequence impedance 
that should be placed at the point of fault to completely 
simulate in its action upon machine performance the 
particular unbalanced fault. In this connection it was 
necessary to develop methods of calculation and of test 
for the phase-sequence constants of lines and apparatus. 

An interesting development of this period was the 
mechanical analogue, a mechanical equivalent of the 
actual electro-mechanical system, in which the principal 
generating units are replaced by small flywheels and the 
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system reactances by springs. By properly proportioning 
che elements of this system the angle-time variation of 
this equivalent will exactly duplicate the system per- 
iormance quantitatively as well as qualitatively, thus indi- 
cating stability or instability for different kinds of faults. 
While the mechanical analogue has been used to some 
extent for the purpose of calculating system performance, 
its principal value has been its unique facility for visual- 
izing the essential factors in the stability problem. 

A very tedious and irksome part of the early stability 
calculations was the reduction of the actual system into 
an approximately equivalent network of a more manage- 
able form, such as 2- or 3-machine problem. The con- 
struction and use of the network analyzer or a-c calcu- 
lating board has eliminated much of this labor. By 
means of the a-c calculating board the entire system 
impedance diagram including the generating sources can 
be set up, thus representing in miniature the equivalent 
of the actual system. From this duplicate system the 
necessary constants may be obtained which will reduce 
a given system to the simplest number of impedance 
branches. The problem may be solved by a step-by-step 
method, either analytically or by the calculating board, 
using small intervals of time and adjusting by steps the 
phase position and magnitudes of the machine voltages as 
dictated by the simultaneous solution, considering the 
acceleration and inertia of all the machines. Mention 
should also be made of the integraph which has been 
employed in the production of general curves which have 
been used in the solution of specific stability problems. 

The development of automatic recording equipment 
has provided an important source of information on power 
system performance. This equipment, which is of the 
oscillographic type, is capable of recording instantaneous 
variations in voltage, current, power, and phase angle 
quantities—including both phase quantities and their 
sequence components. The data obtained in this manner 
are useful in determining the margins in stability under 
operating conditions. These records are valuable in 
checking relay and circuit-breaker performance, and also 
in determining the character and location of the fault. 

The most recent development affecting methods of 
analysis has to do with the determination of the machine 
constants to be used. 1t has been shown that saturation 
affects transient reactance and also certain other react- 
ances used in transient stability calculations. Recently, 
work has also been done toward the determination of the 
appropriate values of reactance to use in steady-state 
stability calculations. The results of this work are being 
reviewed by a subcommittee of the AIEE electrical 
machinery committee. 

In summarizing this review of the methods of analysis, 
it can be stated that the available methods are now con- 
sidered to be satisfactory for determining the stability of 
a system under any assumed set of conditions. It is 
recognized, however, that for certain types of systems 
the present methods require analysis by a relatively large 
number of independent machines and this requires a 
considerable amount of work to cover a reasonable range 
of operating conditions. 
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General Discussion 
of Factors Affecting Stability 


In this report the stability terms are used in accordance 
with the following definitions :* 


“Stability, when used with reference to a power system, is that 
quality of the system or part of the system which enables it to 
develop restoring forces between these elements equal to or greater 
than the disturbing forces so as to restore a state of equilibrium 
between the elements. 

“Steady-state stability exists in a power system if it operates 
with stability when there is no aperiodic disturbance on the system. 

“Transient stability exists in a power system if, after an aperiodic 
disturbance has taken place, the system regains steady-state stability. 

“Tf automatic devices are used to aid stability their use should 
be indicated by the following phrases: 

Steady-state stability with automatic devices. 
Transient stability with automatic devices. 

“The term, automatic devices, includes only those devices which 
are operating to increase stability during the period preceding and 
following a disturbance as well as during the disturbance. Thus 
relays and circuit breakers are excluded from this classification and 
all forms of voltage regulators included. Devices for inserting 
and removing shunt or series impedance may or may not come 
within this classification depending upon whether or not they are 
operating during the periods preceding and following the disturb- 
aneews 


These definitions of stability terms recognize a distinc- 
tion between stability with automatic devices, and sta- 
bility by inherent action. While the general term includes 
both effects, it is the intention that mention should be 
made of automatic devices when used. 

It is recognized that the definitions of stability are 
based upon viewing the problem as essentially one of 
equilibrium. In each synchronous machine there is a 
problem of equilibrium between the mechanical forces 
acting on machine shafts and the electrical forces acting 
on the machine windings. Thus in the synchronous 
generator there are the mechanical forces due to the 
prime-mover tending to accelerate the rotor and the 
electrical forces due to electrical output and losses tending 
to decelerate the rotor. In the synchronous motor there 
is the corresponding problem of equilibrium between the 
electrical input and the mechanical output and losses. If, 
in the process of maintaining equilibrium, synchronism is 
not lost, stability results. 

The factors affecting the stability problem, therefore, 
include any which will affect the mechanical input (or 
output) and the electrical output (or input). Among the 
mechanical factors are the prime-mover input, the gover- 
nor characteristics and inertia of rotating parts, and 
among the electrical factors are the characteristics of 
circuits including switching operations and apparatus 
including excitation systems and their voltage regulators, 
and load circuits including induction motors as well as 
static apparatus. 

The above discussion indicates that there are many 
factors entering into the stability problem. Also, there 
are many ways in which these factors may be controlled 
to secure stability. The extent to which any of these 


* These definitions are taken from the report of the subject committee on 
definitions of terms used in power system studies, presented atthe AIEE winter 
convention, New York, N. Y., January 22, 1932. 
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factors are beneficial in improving stability is dependent 
upon the particular system under consideration. 

This report is principally concerned with stability as 
affecting the operation of synchronous machines, such as a 
combination of a generator and a motor or 2 groups of 
synchronous generators with an intervening transmission 
line. The report is also principally concerned with the 
usual type of power system where parallel circuits are em- 
ployed and a relatively high standard of service is required. 

In general, the transient stability limit of a system is 
considerably lower than the steady-state stability limit. 
Hence, the transient stability limit is more important for 
the service and layout conditions normally encountered. 
In general, the basis of system design from the stability 
standpoint is predicated on the successful clearing of a 
particular type of fault in any line section. The type of 
fault considered is usually the double line-to-ground fault 
on transmission systems. However, single line-to-ground 
faults are sometimes considered for transmission systems 
and 3-phase faults for metropolitan systems. In a few 
situations single-circuit lines may be employed because 
service conditions permit the interruption of supply to 
the load or because the system layout is such as to permit 
the loss of an entire station output. In these situations 
the steady-state stability limit, of course, becomes of 
greater importance. However, even in such cases second- 
ary circuit faults or abrupt load changes are likely to 
make the controlling stability limit a transient limit. 


Discussion of Specific Factors 
in the Stability Problem 


A discussion will now be made of the effect of various 
specific factors in the stability problem. For convenience 
these will be arranged under 2 principal headings of 
(1) power system layout and operation and (2) character- 
istics of apparatus. 


POWER SYSTEM LAYOUT AND OPERATION 


The stability characteristics of power system layouts 
should be analyzed for the 3 circuit conditions associated 
with the fault, viz.: 


1. Before the fault. 
2. During the fault. 
8. After the fault. 


Some features of layout are beneficial to stability for all 
3 circuit conditions while other features are beneficial 
for one condition and detrimental for another; hence, the 
many features of power system layout must be weighed 
individually in connection with each circuit condition. 


Series Reactance 


The most obvious method of increasing the stability 
limit of a system is to reduce the transfer reactance or 
“through reactance” between synchronous machines as 
this directly increases the synchronizing power that may 
be interchanged between them. The reactance of a 
transmission line may be reduced by reducing the con- 
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ductor spacing. Usually, however, the spacing is con- 
trolled by other features, such as lightning protection and 
minimum clearance to prevent an arc from one phase 
involving another phase. Another method of reducing 
line reactance is to increase the conductor diameter by 
using material of low conductivity or by hollow cores, 
Usually, however, the characteristics of the conductors 
are fixed by economic conditions quite apart from sta- 
bility. The split-conductor has been considered for a 
number of cases as a measure for decreasing line reactance 
but objections from a mechanical point of view have 
prevented its use on any major project. 

The transformer reactance should be kept as low as 
practical. While some variation from normal reactance 
is permissible, economic considerations usually prevent 
much departure from the normal value. 

The series capacitor provides another means for de- 
creasing the “series” reactance of transmission systems. 
However, at times of system faults the current through 
the capacitor raises the voltage across it to a value much 
in. excess of its normal value. Hence, to protect the 
capacitor against puncture the usual practice is to use a 
normal voltage capacitor with means to short circuit it 
during excess current conditions. The series capacitor 
as proposed is thus rendered ineffective at just the time 
when it is most desired. The alternative is to use capaci- 
tors capable of withstanding the high voltages arising 
under fault conditions, In no major project in America 
has the series capacitor received serious consideration. 

The usual ways of reducing transmission circuit re- 
actance drops are to use additional parallel lines or circuits 
of higher voltage. Comparisons at times are made 


0.8 1.0 


DURATION OF FAULT— SECONDS 


Fig. 1. Effect of bussing arrangement on stability 
limits; double line-to-ground fault at sending end 


A—Low-voltage bussing B—High-voltage bussing 
System reactance shown in per cent; inertia constant H = 
kilowatt-seconds/kilovolt-ampere 
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between a larger number of low voltage circuits and a small 
oumber of high voltage circuits. In these cases it must 
be borne in mind that the switching out of a circuit pro- 
duces a relatively greater reduction in the power limit of 
the layout with the smaller number of circuits than with 
the larger number. 


Bussing Arrangements 


The method of paralleling lines or apparatus, or the 
bussing arrangements, may have an important bearing 
on system stability. The use of high-voltage busses at 
the ends of transmission lines or at intermediate points 
results in smaller reduction in the ‘“‘through reactance’’ at 
the time of the isolation of a faulted transmission line 
section than for the case with low-voltage bussing, since 
the latter involves the loss not only of the line but also of 
the associated transformers. During the faulted condi- 
tion the shock to the system is greater with the high- 
voltage bus than with a low-voltage bus. It is impossible 
to generalize on the relative merits of high- and low- 


Four 75,000-kva generators, Xq’ = 
90 per cent; transformer X; = 12 
per cent; 2 lines 280 miles long; 

fault at load end 
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Fig. 2. Effect of number of switching stations on 
stability limit 
A—Single line-to-ground fault 
B—Double line-to-ground fault 
ee One intermediate station 


— Two intermediate stations 
— - — Bus fault cleared with no loss of line 


voltage bussing arrangements as the result in any par- 
‘icular case is dependent upon the relative reactance 
roportions of the system, the type and duration of the 
ault, and the character of system grounding. The 
esults of calculations on a particular system with alter- 
lative bussing arrangements are illustrated in figure 1. 
't will be observed that for the faults of short duration 
he change in the “through impedance” of the system 
ifter the fault is cleared is more important than the shock 
o the system during the fault, and, therefore, the high- 
roltage bussing arrangement gives higher stability limits; 
vhile for faults of longer duration, the shock to the system 
s more important and the converse regarding layout is 
rue. By using reactors between the high-voltage busses, 
t is possible to obtain characteristics intermediate be- 
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Fig. 3. Effect of grounding methods upon system 
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Upper set of curves for fault on high-voltage bus at sending end 
Lower set of curves for fault on high-voltage bus at receiving end 


tween those for high- and low-voltage bussing, approach- 
ing either to any degree desired. Figure 2 shows the 
results of the study in a particular case of the effect of 
varying the number of intermediate switching stations on 
a long transmission line. 

Another method of bussing is incorporated in the scheme 
known as “‘synchronizing at the load’ as applied to 
metropolitan type power systems. By metropolitan 
system is meant the type of system that exists in large 
cities and is characterized by large turbogenerating units 
located close together with short transmission distances. 
With this scheme there are no direct ties between syn- 
chronous machine busses but only indirect ties through a 
multiplicity of connections at secondary or utilization 
voltages. With this layout secondary faults will not 
have a severe effect upon the system and can be “‘burned 
clear.’’ Faults on a particular generator bus will require 
disconnection of that unit but the remaining units while 
subjected to a substantially greater shock, will accelerate 
or decelerate as a unit. Of course, the shock to the 
connected load will be decreased as the speed of circuit 
breakers and relays is increased. 

While ‘“‘synchronizing at the load’’ was developed for 
supplying power to metropolitan areas, the underlying 
general principle has been considered in connection with 
long-distance transmission projects. The modification 
of the scheme for this application is characterized by the 
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bussing of the system only on the low-voltage side at the 
receiving end. On such a system transmission-line faults 
result in the disconnection of an entire unit consisting of 
a generator, sending transformer, transmission line, and 
receiving transformer. Since the plan of operation con- 
templates the disconnection of a unit for every fault on 
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A—Sinsgle line-to-ground fault 
B—Double line-to-ground fault 


Solid curves for generator transient reactance Xz’ = 30 per 
cent; broken curves for Xz’ = 21 per cent 


Fault at load end; 2 lines, 280 miles, 3 sections; transformer 
X, = 10 per cent; 4 70,000-kva generators 


the transmission line or its associated apparatus, each 
circuit may be operated relatively close to its steady- 
state power limit. Faults on the low-voltage bus at the 
receiving end will probably be controlling in determining 
the transient power limits. These connections are similar 
to those employed on early systems where transmission 
lines from separate hydroelectric plants were paralleled 
only at the receiver. 

The same general principles of system connection have 
also been employed in circuits employing 2-winding 
generators and 4-winding transformers. These schemes 
improve stability by limiting the severity of short circuit 
and by distributing the stress among the remaining units. 
An important advantage of the double-winding generator 
arises from the fact that in the event of a fault on one 
winding the sound winding can carry load and thus mini- 
mize the disturbance to the system which would result 
from the disconnection of the faulted machine and the 
readjustment of load on the remaining units. 

Another method of bussing is the ‘‘loose-linked” system 
which consists of a number of power areas normally 
operated in parallel, being loosely connected for purposes 
of synchronizing and interchange of power. The plan 
of operation is such that in any power area the largest 
generator or the interlinking ties may be lost without 
leaving a load in an area in excess of the ability to carry it. 
In the event of a serious disturbance within a power area, 
that area including its load and sources of power is iso- 
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lated from other power areas by opening of the ties at 
appropriate points. 


Grounding 


In America it is common practice on high voltage sys- 
tems to ground the neutral solidly and on moderate- 
voltage systems to ground the neutral solidly or through 
a resistance. For certain types of high-voltage systems 
there has been recently an increase in the tendency to 
provide transformers with sufficient insulation in the 
neutral to permit grounding through a moderate imped- 
ance. The Petersen scheme of power system grounding 
using reactors tuned with the capacitance to ground at 
fundamental frequency has not been generally accepted 
though it has been used successfully in a few locations. 
These schemes also have arc-suppression characteristics as 
discussed in a subsequent section. The introduction of 
neutral impedances, by limiting the severity of the fault, 
increases the stability limits. Two effects may be present. 
If the impedance is a pure reactance, the current is limited 
and the synchronizing power is increased thereby; if the 
impedance is a resistance, power is absorbed in it and the 
generator output increased and its acceleration is corre- 
spondingly retarded. The effects of these factors are 
illustrated in figure 3, which shows the stability limit as 


Table I—Normal Design Values of Reactance Constants of 
Synchronous Machines 
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a function of the duration of the fault and the connection 
of the neutral impedance for single and double line-to- 
ground faults on the high-voltage line at both the sending 
and receiving ends of a typical system. These curves 
show conclusively that neutral impedances, preferably 
resistance at the sending end and reactance at the receiving 
end, are beneficial in maintaining stability. The im- 
portance of the method of grounding in relation to power 
system stability has been minimized by the development 
of high-speed breakers and relays and the trend in the 
direction of basing system design upon the more severe 
types of faults. In general, however, factors such as 
lightning protection and relaying, and cost affected by 
insulation and interconnection with other systems, rather 
than stability, determine particular methods of grounding 
to be employed. 


Power System Operation 


Power system operation is often as great a factor as 
proper system design to insure system stability. The 
allocation of generator capacity in relation to the system 
oad and circuit conditions is of considerable importance, 
particularly under abnormal circuit conditions. The 
stability problem may be accentuated by interconnection 
and is complicated by the related problems which arise 
when frequency control is applied or when the location 
of generating capacity is determined by maximum econ- 
ymy requirements rather than system load requirements. 

Most power systems are designed for adequate stability 
inder steady-state conditions. There are, however, many 
systems where a stability problem is encountered as a result 
of a fault and for economic reasons it is not always possible 
0 eliminate this condition. 

A consideration of certain basic operating principles will 
orevent exceeding the steady-state limits and insure 
srompt recovery following a fault. 

Adequate spinning reserve capacity either in the form 
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Fig.5. Approximate cost of decreasing the transient 
reactance of salient-pole synchronous generators 


f spare generators or reliable interconnections must be 
vailable in each load area to insure a steady-state limit 
no excess of the power and reactive kilovolt-ampere 
equirements in event of loss of a generating unit or loss 
f excitation. 


‘EBRUARY 1937 


Commuttee Report—Stability 


The method of supplying excitation to a system has an 
important effect on stability. The choice of the value of 
bus voltages to be maintained or compensated for load 
and circuit changes may be of great importance. Voltage 
regulators tend to improve stability conditions by auto- 
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stability 


A—Single line-to-ground fault 
B—Double line-to-ground fault 
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matically changing the excitation in accordance with 
loads. They are capable of sustaining system voltages 
within safe limits for the loss of excitation on one of the 
units. They also tend to keep the field strength of indi- 
vidual units within reasonable limits, thereby preventing 
the cascading of trouble following the initial disturbance. 
Other characteristics of excitation systems and their 
control in relation to stability are discussed in a subse- 
quent section. 

The increasing use of automatic devices, such as re- 
frigerators, water heaters, water pumps, etc., which are 
not locked out following an outage, results in excess power 
requirements when service is restored. A recent outage 
resulted in a peak following restoration of service which 
was approximately 45 per cent in excess of the load inter- 
rupted. 

Provision must be made for excess generator capacity 
for a short period following restoration of service or the 
service restored slowly to limit the temporary load until 
its diversity becomes normal. 

The spinning reserve capacity for best results should be 
distributed in the several load areas so that its availability 
is not restricted by tie-line limitations. 

The use of automatic load control on interconnecting 
tie lines has increased the practical load limits of these 
lines by preventing the usual drift in the tie-line load, 
thereby holding the scheduled load well below the tie-line 
limits. These devices are of no value for transient con- 
ditions. 
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Co-ordination of stability studies and operating instruc- 
tions for abnormal conditions is a matter of considerable 
importance for insuring the maintenance of stability or 
avoidance of service interruption. 

When synchronism is lost on a system having syn- 
chronous condensers, a state of equilibrium may be reached 
under which the system will neither accelerate nor retard 
until conditions are changed by switching operations, or 
by removal of synchronous condensers. The removal of 
synchronous condensers, either manually or by under- 
speed relays, relieves the system of superimposed low 
frequencies, due to condenser excitation, and permits a 
more rapid restoration of service. 


CHARACTERISTICS OF APPARATUS 


Synchronous Machines 


The characteristics of synchronous machines which 
are important from the standpoint of stability are sub- 
stantially the same in the generator, motor, or condenser. 
In general, the characteristics of generators are of much 
more importance because they constitute the largest per- 
centage of the total connected synchronous capacity and 
because they have such an important bearing on the over- 
all system angles. The following discussion will be given 
in terms of synchronous generators with the understanding 
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Fig. 7a. Inertia constants of large turbogenerators, 


turbine included 


A—1,800 rpm condensing 
B—3,600 rpm condensing 
C—3,600 rom noncondensing 


that for synchronous condensers and motors the general 
features are the same but generally of relatively less 
importance. 

The best criterion of generator performance under 
conditions in which system stability is determined chiefly 
by the transient characteristics is its transient reactance or 
more definitely, the direct axis component commonly 
designated as X,’._ The value of this reactance is affected 
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to some extent by the saturation characteristics of the 
machine. The appropriate value to be used in a stability 
analysis also varies with the location and severity of the 
fault. From the standpoint of calculation it is usually 
impracticable to consider more than one value of transient 
reactance, which value should be selected considering the 
condition both during the fault and immediately after its 
isolation. The effect of decreasing the transient reactance 
of generators upon increasing the stability limits for a 
particular study is shown in the curve of figure 4. The 
normal values of the constants of various types of syn- 
chronous machines are shown in table I. The effect of 
decreasing the transient reactance upon the cost of a 
machine is indicated in a general way by the curves of 
figure 5. In a number of installations it has been found 
desirable to employ generators of less than normal tran- 
sient reactance. 

For a few present-day systems, steady-state stability 
limits will be found important. With increased applica- 
tion of faster breakers and relays and the logical attempt 
to increase the load carried on these circuits, the steady- 
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state stability limitations will become increasingly im- 
portant. The best criterion of machine performance 
with reference to steady-state stability is equivalent syn- 
chronous reactance. This reactance differs from the 
ordinary synchronous reactance defined by the AIEE 
since it has been adjusted for the operating conditions in 
order to include the effects of saturation according to the 
load currents and excitation requirements. 

Short-circuit ratio is in itself not directly a measure 
of the characteristics of the machine from the standpoint 
of stability. It is, however, of value as an approximate 
measure of the size of machine. Its value in this case 
depends upon the fact that to a considerable extent any 
reduction of reactance in a machine below its normal 
value is obtained by derating a larger machine and modi- 
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ing the current-carrying parts to meet the reduced 
ues. 
The inertia of a synchronous generator or motor is also 
factor in the stability problem since it affects the natural 
tiod of system oscillation, or the time required to reach 
point beyond which recovery would be impossible. 
gure 6 shows the results of calculation for various values 
generator inertia upon the stability limits for a par- 
ular system. The normal values of inertia constants 
the various types of synchronous machines are indi- 
ted in table II. The curves of figure 7 show the inertia 
nstants for steam turbine generators and vertical water- 
heel generators. The effect of increasing the inertia of 
merators upon the cost is illustrated by the curves of 
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Fig. 8. Approximate cost of increasing the inertia 
of large vertical-type water-wheel generators 


ure 8. In a few cases, where calculations have indi- 
ted that a particular system would operate relatively 
ose to the stability limits, generators of higher than 
mal inertia have been installed. 

The severity of unsymmetrical system faults is affected 
y the negative-sequence impedance of the connected 
achines. Amortisseurs or damper windings affect both 
e real and reactive components of this impedance. 
achines without damper windings possess the highest 
gative-sequence reactance and from this viewpoint are 
e most desirable but on the other hand machines with 
gh-resistance damper windings possess the highest 
gative-sequence resistance. The curves in figure 9 
ow the combined effect of the damper material upon 
e stability limit of a typical system for line-to-line and 
ible line-to-ground faults on the high-voltage bus at 
e generator end. It will be observed that the improve- 
ent with high-resistance dampers is quite appreciable 
r faults of long duration but for faults of a duration 
mparable with that which can be obtained at present 


with high-speed breakers, the improvement is very much 
less. In the event of system oscillations low-resistance 
copper damper windings produce the greatest damping 
of the mechanical movement. However, this effect is 
unimportant during and following a system fault except 
in the rather rare case in which the system is so constituted 
that pull-out takes place as a result of compound oscilla- 
tions following a disturbance. To obtain the partial 
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Fig. 9. Effect of damper winding material upon 
stability limits 


System same as figure 3C 


A—Hisgh resistance B—No dampers C—Copper 
Upper curves for line-to-line fault 
Lower curves for double line-to-ground fault 


advantage of the high loss associated with high-resistance 
dampers at times of unbalanced faults and the damping 
of oscillations associated with low-resistance dampers, 
the generators for one installation were supplied with a 
new type of damper winding which consists of a double 
cage arrangement in which the outer row of bars is made 
of high-resistance material and the inner row of bars is 
made of a low-resistance material imbedded in the iron. 
For the double frequency associated with negative- 
sequence the copper bars possess a high reactance and, 
therefore, force most of the current through the high- 
resistance bars, but for the low-frequency associated with 
the system oscillations the current varies inversely with 
the resistance of the damper bars in which case most of 
the current flows through the copper winding. The 
benefits from high-resistance damper windings will be 
decreased as the fault duration is decreased by the use 
of faster breakers and relays. Damper windings also 
have characteristics which tend to suppress spontaneous 
hunting and to reduce system voltages and recovery rates 
arising from short circuits; in these respects, low-resistance 
copper dampers are somewhat more effective than high- 
resistance dampers. 

With the increase in size of generator units, the greater 
concentration of power on a single bus has increased the 
duty on circuit breakers and the area affected by a fault 
on or near the bus. These effects have been greatly 
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minimized by the advent of the 2-winding generators in 
which the 2 armature windings are connected only through 
their mutual coupling which may be controlled by suit- 
able design. Generators of this character lend themselves 
to incorporation as units in the system layout known as 
“synchronizing at the load’’ or its variations as described 
previously. 


Excitation Systems 


Control of the excitation system on synchronous ma- 
chines provides a means for improving stability limits for 
transient conditions and also for steady-state conditions. 
Such systems operate to increase stability, (1) by over- 
coming partially the demagnetizing effect within a ma- 
chine or (2) by positively increasing the machine fluxes 
and terminal voltages. Excitation systems that are 
effective from the standpoint of stability are commonly 
termed quick-response excitation systems, the principal 
features of which are: 


1. Exciter of high rate of build up and of high “ceiling” voltage, 
2. A reliable source of power to the exciter. 


8. Quick-responding regulator. 


Exciter response is the rate of build up or build down 
of the main exciter voltage when resistance is suddenly 
removed from or inserted in the main exciter field circuit 
by the action of the voltage regulator. The response of 
an exciter may be expressed as either volts per second or 
the ratio of the volts per second to some other designated 
value, e.g., the nominal collector ring voltage. In order 
to obtain the benefits of a high rate of response, it is neces- 
sary for the exciter to have a high ceiling voltage, i.e., a 
high ratio of maximum to normal operating voltage. 
The actual response depends upon the excitation system 
as a unit, on the initial value of the exciter voltage, and 
on the characteristics of the field and armature circuits 
of the main machine, and in general varies appreciably 
during the build-up and build-down process. Because 
of this variation, it has been found desirable to establish 
a definite basis for discussion, guarantees, and tests as 
defined under nominal exciter response. 


The nominal exciter response is defined as the ratio to the nominal 
collector ring voltage of the slope, in volts per second, of that 
straight line voltage-time curve which begins at nominal collector 
ring voltage and continues for one-half second, under which the 
area is the same as under the no-load voltage time build-up curve 
of the exciter starting at the same initial voltage, and continuing 
for the same length of time. 

Note: Nominal collector ring voltage is the voltage across the 
collector rings required to generate rated kilovolt-amperes in the 
main machine, at rated voltage, speed, frequency, and power 
factor with the field winding at a temperature of 75 degrees centi- 
grade. 


Figure 10 illustrates how exciter response is determined. 

The exciters for quick-response excitation systems are 
built so that the field circuits have low time constants 
usually obtained by subdividing the fields and using 
external resistances in series with them together with other 
changes in design proportions. Generally, it is found 
most practicable to provide a pilot exciter operating with 
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resistance in series with the field circuits of the mair 
exciter so that the short-circuiting of these resistance 
will quickly apply increased voltage to the main machine 
field. This combination is of further advantage in elimi 
nating the necessity for main field rheostats. The require. 


Fig. 10. Determination 
of nominal exciter re- 
sponse 


A—Actual build-up curve 
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ment for a high ceiling voltage makes it necessary to sup 
ply exciters of more liberal design than was the case with 
slow-response excitation systems heretofore in commor 
use. With quick-response excitation systems it is more 
important than with previous excitation systems to have 
a reliable source of power for the exciter, sufficiently 
ample to supply the heavy demands that are required 
when a fault occurs. 

The voltage regulator characteristics desirable witt 
quick-response excitation systems do not differ radically 
from some of the types heretofore available. The princi. 
pal feature of the new regulator has been the introductior 
of means which make the regulator respond to a sort 0: 
average voltage of the different phases instead of from ¢ 
single phase which was prior practice. This change was 
made because of the fact that on the occurrence of certait 
types of unbalanced faults the voltage of a particulai 
phase may rise though the voltage on the remaining 
phases drops. Thus the old type of regulator connectec 
to this phase would introduce a change in the excitatiot 
in the wrong direction from the standpoint of system 
stability. This feature has been incorporated in com 
mercial regulators in several different forms operatins 
from different quantities. The original form used « 
network for supplying positive-sequence voltage to th 
regulator. Subsequently, this result was approximatec 
by the substitution of a torque motor, a polyphase motor 
which develops a torque proportional to the difference o 
the squares of the positive- and negative-sequence volt 
ages. More recently rectifying means giving the averag 
of the 3 phase-voltages have been employed to give corre 
sponding action. 

Quick-response excitation systems today are commonl 
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ontrolled by the exciter rheostatic type regulator pro- 
rided with special auxiliary means for momentarily in- 
reasing the excitation in case a severe system disturbance 
s indicated. The exciter rheostatic regulator has the 
dvantage over the vibrating type of being ‘“‘at rest” for 
. large percentage of the time in comparison with the 
ribrating type, which principle will result in reduced 
naintenance. 

Quick-response excitation systems tend to improve 
tability limits of power systems in 3 ways. 


|. Maintaining or increasing machine flux against demagnetizing 
iction of fault currents. 


2. Supplying deficiency in system excitation due to loss of other 
sources of excitation. 


3. Increasing steady-state stability limits. 


Quick-response excitation provided one of the earliest 
methods used for improving the transient stability limits 
of systems. Its importance in this respect has, however, 
been minimized by the developments of high-speed circuit 
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Effect of duration of fault on power limits 
for different kinds of faults 


A—Single line-to-ground fault 
B—Line-to-line fault 


C—Double line-to-ground fault 
D—Three-phase fault 


System reactance shown in per cent 


breakers and relays which limit the duration of fault 
currents and their demagnetizing effects. 

Another feature of quick-response excitation systems is 
the ability to increase the excitation to meet the require- 
ments of a system arising from the loss of other sources 
of excitation as from the disconnection of a generator or 
condenser. This feature cannot, of course, be supplied 
by means of high-speed circuit breakers. In order to be 
effective in this respect a quick-response excitation system 
must have a relatively high ratio of ceiling to normal 
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operating voltage and the regulating equipment must be 
such as to permit operation under these conditions for the 
length of time necessary for some readjustment in the 
system to be brought about. 

Quick-response excitation systems also provide means 
for increasing the steady-state stability limits. Labora- 
tory tests on miniature systems have indicated that quite 
large increases in the steady-state limits over the values 
possible with fixed excitation can be secured by the 
application of a suitable regulator and exciter. These 
increases vary from 300 per cent for a generator and a 
synchronous motor directly connected down to 25 per 
cent for the condition simulating the transmission power 
over a 200-mile line at 220 kv. The effect of the excita- 
tion system in this connection may be viewed as tending 
to make the steady-state stability limits depend upon 
transient instead of synchronous reactances. In general, 
however, since the steady-state limits are higher than the 
transient limits the use of a regulator to increase the 
steady-state limits has been without real significance. 
There is also a question as to the desirability of having the 
operation of a station at its rated load being dependent 
upon the functioning of a regulator. Consequently, the 
choice of regulator has been determined from its per- 
formance under transient conditions and its maintenance 
under ordinary operation. In these respects the exciter 
rheostatic regulator possesses advantage over the vibra- 
ting type though the latter would appear to be superior in 
improving dynamic steady-state limits. 


High-Speed Circuit Breakers and Relays 


The duration of a fault condition has a very important 
effect on the stability of a system. The fault condition 
reduces synchronizing power (1) directly by altering the 
equivalent circuit constants and (2) indirectly by reducing 
the effective machine voltages through the demagnetizing 
action of fault currents. The stability limits as affected 
by the speed of breaker and relay operation vary through 
a wide range from (1) the limits corresponding to sustained 
faults to (2) a mere switching operation assuming ex- 
tremely fast fault isolation. High-speed circuit breakers 
and relays are capable of covering most of this range and 
thus constitute a very important measure for increasing 
the stability limits, particularly for transmission systems. 

The relation between the speed of fault isolation and 
the transient stability limits for a typical transmission 
system is indicated in figure 11 which also gives the im- 
pedance constants of the various system elements. The 
system is assumed to be subjected to a fault on one line 
near the high-voltage bus at the sending end and is cleared 
by the opening of the 2 breakers simultaneously. The 
curves assume hydroelectric-type generators, and receiv- 
ing-end machines of relatively high inertia. The calcu- 
lations were made for the 4 different types of faults shown 
on the curves, which are plotted in terms of the time 
required for the isolation of the fault and the ratio of the 
power that can be transmitted to the power limit corre- 
sponding to the switching out of one section of the trans- 
mission line. The dotted lines show the loads which can 
be carried with sustained short circuits of the various 
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types assuming quick-response excitation systems capable 
of preventing demagnetization of the machines. 

The curves in figure 11 just discussed apply to a system 
subjected to a fault at the sending end. The relative 
stability conditions for the fault at sending and receiving 
ends of a somewhat different system were given in figure 
3 which has been discussed previously in connection with 
the use of neutral impedances. It will be noted that a 
moderate value of neutral resistance at the sending end 
may make the fault at the receiving end on a grounded 
neutral system relatively more severe than at the sending 
end. However, the gains in stability due to the use of 
high-speed circuit breakers are of the same order for 
faults at the sending or receiving ends of the transmission 
system. 

On metropolitan type systems the permissible time for 
isolating the fault will be relatively longer than for trans- 
mission systems since the latter are usually operated 
closer to the stability limits. Thus in the metropolitan 
systems it is possible to introduce reactance in the system 
in such a way as to limit the duty on circuit breakers. 
This problem can conveniently be studied by means of 
curves characteristic of the type of system equivalent to 
the ‘‘2-machine problem’’ using reactances as defined in 
the insert on figure 12. These curves indicate that by 
taking advantage of the faster speeds made possible by the 
recent developments of circuit breakers, increased amounts 
of reactance may be introduced in the system which may 
be used to either reduce the duty on circuit breakers or 
increase the continuity of power supply or reliability of 
this service to the customer. 

The speed of circuit breakers and relays in relation to 
power system stability may conveniently be analyzed 
under 3 headings as follows: 


1. Conventional or slow-speed breakers and relays for fault isola- 
tion. 


2. High-speed breakers and relays capable of isolating fault in 
time to improve stability limit. 


3. High-speed breakers and relays with reclosure in time to im- 
prove stability limit. 


Examination of the curves of figures 11 and 12 will 
show that conventional slow-speed circuit breakers and 
relays of the type commonly in use prior to 1929 were so 
slow from the stability point of view that the limits cor- 
responded to sustained faults. In this connection it may 
be observed also that the power limit for the 3-phase fault 
is almost negligible with the conventional slow-speed 
breakers formerly in use. The benefits which arise from 
the use of high-speed circuit breakers and relays in main- 
taining stability depend upon isolating the fault in an 
interval of time which is short in respect to the period 
of system oscillation. The preceding discussion has been 
based on the isolation of the fault in a single step. For 
sequential operation the individual breaker times will be 
less than that shown but need not be reduced to half 
value. This is, of course, due to the fact that the stability 
conditions are generally much improved upon the opera- 
tion of the first circuit breaker. 

With the development of higher speed circuit breakers 
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it is now possible to obtain speeds of operation of 8 cycles 
for the full range of transmission voltages. In addition 
for special cases still faster speeds of operation, such as 
3-cycle breakers, have been developed to meet the par- 
ticular situation. 

With composite systems involving long transmission 
lines from a source of power with interconnecting lines 
between various parts of the receiver, system studies will 
frequently show the desirability of using high-speed 
circuit breakers and relays in order to increase the sta- 
bility limits. In a number of such cases it will be im- 
portant to extend the application of the high-speed break- 
ers to interconnecting lines of the receiver system. Other- 
wise, the stability limits will be determined not by faults 
on the main transmission line but by faults on the re- 
ceiving system even though it is operating at lower voltage 
with transformers between it and the transmission line. 

This development in the speed of circuit breakers has 
brought about important changes in the relaying of 
transmission lines. With fast circuit breakers it is no 
longer feasible to contemplate relay operating times of 
1/, second to 3 seconds or the use of time intervals as the 
basis of discrimination. This has led to the use of dis- 
tance or current balance types of relays which are capable 
of simultaneous action for the middle section of a trans- 
mission line with high-speed sequential tripping for the 
end sections. 

In cases where the transmission system will be operated 
relatively close to the stability limits there is considerable 
advantage in providing simultaneous breaker operation. 
In general, such relay operation can be obtained only 
through the use of fundamental frequency relays operating 
in conjunction with a signal transmitted by pilot wires or 
carrier current between the ends of the line section. This 
has brought about an important development in the ap- 
plication of high-speed relaying with superposed carrier 
frequency. Various proposals have been considered as 
to the type of carrier signal to be transmitted. The relay 
indication to be transmitted by carrier frequency was 
considered first as some electrical indication, such as 
direction of the flow of power, but more recently as the 
position of various fundamental frequency relay elements 
which indicates the existence of a fault on the system 
within predetermined zones. The carrier-current relay 
system also provides opportunity for including relay 
measures for the prevention of undesired breaker opera- 
tions in the event that the system does pull out of step. 


Reclosing Circuit Breakers 


The use of reclosing circuit breakers provides a means 
for carrying one step further the advantages possible 
with high-speed breakers and relays for fault clearing. 
For lower voltage systems and feeder circuits the use of 
automatic reclosing breakers makes it possible to main- 
tain the stability of a system with induction motor load. 
Disconnection of the source is required for the suppression 
of the arc in the fault but the total time required for dis- 
connection and for reclosure should be made sufficiently 
short as to prevent pullout of induction motor load. 
Where synchronous machines may maintain the are, it is 
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ecessary to isolate the affected line and to reconnect it 
n a period of time that is relatively short with respect 
o the period of system oscillation if stability is to be 
ttained. Hence, if automatic reclosing breakers are 
onsidered for maintaining the stability on a transmission 
ystem it becomes a practical necessity to use carrier 
urrent relaying. The existence of multiple or repetitive 
ightning discharges may constitute an important factor 
no limiting the application of reclosing breakers for main- 
aining stability. 

Single-pole breakers have been proposed at frequent 
ntervals as a means for improving the stability of a 
transmission system. This device has been advocated on 
he basis that the remaining phases may be used to trans- 
nit power and thus minimize the system disturbance dur- 
ng the transition from the condition before the fault to 
he condition after the fault when the faulty line is dis- 
onnected. Most line interruptions which do not per- 
nanently ground a transmission conductor are due to 
lashovers which must be isolated to put out the arc-to- 
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against the more severe types of faults. To date the 


single-pole breaker scheme has not been installed on any 


transmission system. 


Other Methods of Increasing the 
Practical Operating Power Limits 


FLASHOVER PREVENTION AND ARC SUPPRESSION 


Flashover prevention and are suppression constitute a 
different type of measure for improving system operation. 
It is obvious, of course, that a system rarely subjected to 
faults may be operated relatively close to the stability 
limits. Consequently, under some conditions it is more 
advantageous to spend money for minimizing the likeli- 
hood of faults than in increasing the capacity of the system 
to withstand the system disturbances without loss of syn- 
chronism. 

The principal cause of flashover on high-voltage lines is 
lightning. Much has been accomplished during the past 5 
years to minimize flashovers resulting not only from in- 
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round. Thus it is usually permissible to reclose the 
aulty line and restore the system to its original condition 
vithout at any time reducing the power limits to as low a 
value as would be the case if all three conductors were dis- 
connected. To minimize objection to residual earth 
urrent from the standpoint of inductive co-ordination, it 
1as been proposed to use breakers which are operated as 
ingle-pole units for arc suppression and reclosure but 
vhich are gang-operated for sustained faults. The ad- 
rantages of single-pole reclosing breakers are minimized 
yy the trend in the direction of providing protection 
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duced strokes but particularly from direct strokes. In- 
creased transmission line spacing and increased use of in- 
sulation in the form of insulator strings and wood have 
been generally adopted. On the higher voltage lines 
the use of ground wires is of great value when suitably 
located with respect to the conductors to be protected. 
Special efforts have been made to reduce the tower-footing 
resistance to a relatively low value in order to prevent a 
flashover of the insulator string as a result of the building 
up of high potential due to the flow of lightning current 
through the tower. 
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Table III—Recent Practic 
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severity of the shock resulting from a single fault-to- the necessity for isolating the affected circuit. The use of 
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balances any disadvantage from the standpoint of the Arc-suppression devices of the Petersen type have re- 
shock to the system in case fault occurs. ceived consideration for minimizing circuit outages in com- 


274 Committee Report—sStability ELECTRICAL ENGINEERING 


ig Stability Features 


Super Power Co. Ill. 


ern Platte Valley The Milwaukee Electric Ill. North. Utilit. Co. Super Power Co. of Illinois 
ras Public Power & Union Electric Light Railway & Light & Public Service & Public Service Co. of 
r Co. Irrigation Dist. & Power Co. Company of Northern Ill. Northern Illinois 
LI Item I Item I Item II Item I Item II Item I Item II Item III 
‘Dam North Platte- Osage- Osage- Lakeside- Port Washington- Powerton- Powerton- Powerton- 
e Columbus Cahokia Page Granville Granville Waukegan Waukegan State Line 
A 
1 SCRA RoR RCI SLED cvcgoroenelial otatoxe teins BOF i heds che Cretetere he VSD cretaaitiene «as kets TB Qs deloestves Rie wtes TB 2 caranserirus eee VSD Solerete crenccceserste 182 canine 132 1 
| DUS Ba icekaiwn cae Laces. tom ticts.als LBB: Disinamaet ae «ere PA es om stOic POE DSie eae ita er eundiatere QUSiG ivan Beene ciess 243.4 202.4 2 
Oh: Sh CR a eee CLUE arene aicec. CU in ctrcatoters cro GOR dae avas res GO veer ieiteuts GOLGI are eevee. GO ecee Pa rersne GO scot artecetee 60 3 
Uo tQpo np 25,000..... 901000 ca acon AG OOO ere aanreternetctoncrsttts s aheter er elievaavo nia fapdisinlaitscevstincs sate vevevae EGU soonooo0. HOM Oa aaonas.ca 6e 60,000 4 
B 
CQ Sco Nee Srevefeleelier vie etslistal tear severe chavetatelens/s revs Lsiteysi's suites teveicnataya ret Lena's cileue:eueuatte ys (are Moill et asenacelae-aplavaciajunsliele al vye) aiegele omfomte a ltcrabnctotele tO outs Lo 1 
149.4 mi: 1 
BMP coiicieucvele. sie a. Di reiveyeceraiele wrayer Davai ob Meena NOB ooocoombogoen 5 Bn ROI CRONE INOMG srpeeratareiieney wieraitene EOD FO OOD DIOL C TERCERA cic 4 2 
ooo GOCE CEES IPOS agadoseces 20,000 Serine crereaie NONE :.heire syne ker INONE Hise oe es None yi. feitac laren SO;00 Ores trerexersve SO;000 vere ere 35,000 3 
OME f6 sy-0\'s) siresitese S000 S te tecfonts STON UO UR oreicectoneoigioi INOREL arse deren IN'OMEe Ss jeyaseeveicracs.- INOM@ cercieveteres ater sueve INON@ sc crarn cle estou 20000 ee ete eis 15,000 4 
5 
oS gene enaee My Dae tessinisiteracerere es INONC Ss o10.51052 oso, ote NONE) tess suetoece.s say Myers stage oaks Deg Dea resrclevere overs INO Cs ac.crepers arses INONe: sn: aererne None a 
BP even Seow is eds BS i ree eneca, Nese otersiiaperaiers eSe%s Tei sevecets ness reserereve 1S Ea Waa iar 13 Os Waco MO eee lek Ue anogumooore as Us Wecremy aren coe Leas Y b 
6 
Me sc lctalais 6-3 s e's 2 SOlidsrias geremiete SOMES cicicverroreraters Solidzssmens cert Solid. Aisa Solid eteeceuevererexe Solidiseicce scence Solid's.nca55shimae Solid a 
i) SCO ereae SOG 5, 5.505:2 6.5.0 ster Sloth AG GBD COR Ome SONG ris ss susus revere IN One... exalnc ote NONE Saye crcccte orronote Solidviasts:ccinecicuae Solidi nsec Solid b 
Cc 
Whysasdeecoccdod 2 units, ...4 units, erie UNICS, ai c/steios SYA on oda hon6 94 OOO srrarystece\sce) ore Ci ribs baoe Sood GEG. srsiereare 116,666 1 
each 14,500 each 23,888 each 23,888 
BE elerecic's sees = ETO: Ditercteiers ate eres EEG Giese crorsicreroneucte AGUS pereciiencrare OS 7Sc04 24a eta ee O92 yteremrsretsrster 3 DO seheykers crete set. IVIURSE Soro gacicoc 107 2 
‘OCR e eee DQ eraveuerers Steve oscars SO sores bistoraveuskelae Bi eran come one LB 325 epee LS: Biaiecencce ewes PETE Gab OC EOIIELO GK OE Tes ie OR <> Ont 20 3 
ois als Cae PS 5 on SaGoue bua ohh ingoosinoodar BBG eee crore ese erat cvahonecorstavere sacs aieiete paver eis release eer ratatstefeueiene iT Bisiiohele elevates sens rine de@acacaooon 4 5.5 4 
DSS tdag antes COPPORee cs ses. btnsle INOME ierioerereise re) = DN fe) 1. P96 BO OTRORIOR Te POO COO bor OnyG Oo. cero socio INORG seis sierehers eters INONG. 76 tne eee None 5 
D 
BST sie cise avai os DO seterotcrsteverepeve eters NE lor opemaoao Doon VG craectiesisss a. an dir.tersiseisroec Hand Garren slevoyeie Oc GitetetelelerelsvercraloO scvete leva elslchalsioneitate 1.0 1 
ot Pilot Pilot Pilot regulation regulation Self Self Pilot 2 
E 
1. OC OCC Siydavse wise cares oe Scr Oro CODICES SB tauie sere soeseisas VD aiarsatere oe oes Sievers tinvonerneern S- 20 Waretackectercherste S-20 wateincleleisitverioc lO) 1 
nduction...... Distance Distance ... Distance ... Induction type... Induction type... Distance Distance ... Distance 2 
yedance 
rection- 
‘ion 
Ce io sbapaonmcetae Us Garoaeiaccscn SO Metta ct ae eae pi picre <eaaeaorr OS wvorneiscrsreey siete Bttlanoodomomotot L066 aie tector MET E G0 GoGo GCObO 10-74 
; F 
Paella atecer state tote ev Wood pole H...120 mi. steel Wood pole H....... Steeliory.tereteeretorersrs Steelcnreereisis 166 mi.: Steel Re rercsie st Steel arson Steel 1 
frame with wood frame 52 mi.: wood 
arms; 58 mi. 
steel y 
PR tiatiele te on leiie/siore None recess U47 th —— OF asst sie os DW vox Rensteisreteraneters beater Crean OS REO Leronegeistevatcrs 185 mi: 2; 187 mi.: 2; SOOT Pc 2 
31 mi—1 34 mi.: 1 57 mi.: 1 30 mi.: 1 
USS) 08 noeeaode INOMNG. oaikewie oe «106 None IN OMG ech merenecsint INOM EC Nasietec (ore serait INOS cmsrersrerelare cre IN OME tietde. cocoate NOG. Gino seen None 3 
-10” ..Susp: 7-10” X..147 mi.: 1l- ...11-58/4” units ...Susp: 10-43/«”....(Same as item ..103.5 mi.: 12—-...53 mi.: 12- ...53 mi.: 12- 4 
. 53/4” units 53/,” units units I) OB25620 OB25620 OB25620 
1: 10- Deadend: 8- 31 mi: 10- Deadend: 12- 72.9 mi.: 10- 67.4 mi.: 13- 67.4 mi.: 13- 
same 43/,” units same 53/4” units OB25622 OB25622 
42.2 mi.: 8- 123 mi.: 8- 82 mi.: 8- 
JD2501 JD2501 JD2501 
2g ac oODr Oo OOMOD Whit oo oo on no eSiiinanteateeenys MOS eno. 1 5 santas NaS nods hoo omen iE Samisnrererae 3 stations—yes...3 stations—yes...4stations—yes 5 


ction with multiple-circuit system of the type in com- 
on use and with recently proposed single-circuit trans- 
In America, however, little use is 


ission line system. 
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more severe types. In addition it permits grounding the 
system so that the tendency for a single-phase fault to de- 
velop into a multiphase fault is minimized. 


ade of this type of arc-suppression device as dependence 


placed on circuit-breakers and relays for automatically 
This can be accom- 


lating a faulty section of line. 


ished under favorable conditions even on high voltage 
‘cuits in about 12 cycles. This scheme has the merit of 
ppressing all types of faults that occur on systems re- 
rdless of whether they are of the single line-to-ground or 


TBRUARY 1937 


Committee Report—Stability 


H1GH-VOLTAGE LOW-FREQUENCY 
A-C AND D-C TRANSMISSION 


Low-frequency a-c systems have been proposed fre- 
quently for increasing the practical operating stability 
limits of long-distance transmission systems. More re- 
cently d-c transmission has been proposed as a means for 


275 


‘ 


Table III (Continued)—Recent P; 


= SS oo = —: 


———————————————— 


Public Service Co. of Public Service Company D 
Northern Illinois Northern Indiana Public Service Co. of Indiana Edi 
Item I Item JI Item I Item II Item III Item I Item II I 
Waukegan Waukegan Michigan City- Michigan City- Mich. City- Dresser- Columbia- Ma 
Northwest Northwest State Line South Bend S. Bend Lenore Lenore No 
Monticello 
A. Transmission 
Lee Voltave, ii lovoltsy iiss. siesatetr xno RMR Apo cranotincd DPA Som crnOee 0 POD i ete MOS otevove euorelsvecs acs L Sa aotastlavana ental: LS 2 aenstave ieteaaial 182.066 ci0 ct 
2 Distance smiles=n re uiaeiieceits SOIS8E cree erasers 36:88 eo sete ee BOVE vise peeerenere ee 405i raceme LOL OP erate Ue Ba ade Bao ent 91.68... ....c1eeeme y 
OR requencyiCVCleStn anqaaam scr cietere tte LU Neragarnincao.ae GO te mista sia GO sspenntareyeseraehn © GO cme tere GO eis werent are 60. eiic.cind eters 60... 2... een 
4. Power, kilowatts sent out....... BO 000 see. arenes SOOO earesicias $0 000. tek ts S000 wc catatew ore ZS 000 coe atta 40000 neater 10,000. ...+.. 6am Al 
B. Circuit arrangement 
Po) Namberoficircuitss...1c ics vac Dl escie cnt oteneka ake eter Tieedeceresster steenerenea oooncaocekc.s Tes snoetoercenaer Tian oltcusce ris ahom Die aibieteie cag eRee Le sveie-s) nce 
2. Intermediate switching sta- 
CLONG 525 SB es ohare ca. vic er eicea Ghoomnaies tags NOG ...0)2 sacar sie x None? samc asienas Dk tes siecnetecta IONE. skis noise stone bree near ac INOi@ xi.5.-cecaroee pc } 
3. Load taken off at intermediate 
POInits, KMOWALESs ecusie ae veusue cerns NOEs aiuckwusn.s NOG Saras.c.k ers 45000 27 ents: Wone:.. J ecrvens SOOO 2 crac. shanserens NOG: 5.05 62 elerae None...» d 
4. Synchronous condenser, kva 
at intermediate points........... INOHEaisiclstanie Nonesactaden das IN ORC Weare ove IN nero Goud None seeritec IVOne es tones None... ...:« «0s } 
5. Bussing arrangements 
G@ mOendingend ncn cemisietatee eiscies UAE etopevetire tees ose Bs lyn Bra ctats DORIS 1S as Bes Gag oootnG 13 OW Brash ooo.nOK fs Gerd Deca mnrir o cn NEG ARs Connon occ LOR RAEI E 
be eReceiving end in5.6 cle ech ESI, barons ointens LOAN BE roel Speer Ws Tage ee craas FRE cccce tne oe Too Dies cece Ly. Dissiantoe eerste L.-T as da eee f 
6. Grounding 
GeMOeNinig ENG 2. :scycqabenninalss acts Solid oho aew car Solidk fgirscscas Solids fonts wou Solid)s,é foeccts wna Solid suns emawas Solid «ac <ic.ctamctere Solid... ..... ae i 
Dime Receiving endl: coe. ts) iota Solids. ccc sie S Olid Aeraitertersrclats SK Gochouooune Siebel s Go ono aed COG seacosnons Solidsia.2% starters Solid):<.s0 see Uns 
C. Generator 
Le Kalovolt-amiperesiiici.icriecsie sess 2 units, total...... D2 OOO sevens usnees AUR AU Orantoriccecoe 1O;6O0OOs Saracens 7O;600 creverciere 3 units, each....2 units, each....6 un 
129,525 25,000 78,610 1s 
2. Short circuit ratio (or syn- 
chronous reactance, per cent). 1 unit, 152; ....... UG rte Aate sees DDD esend eeec es orate AO ee re, Se eect Dean turiicca sve VDD. ca. sis: visters suelo vel'e Craters ihee nee , 
1 unit, 154 
3. Transient reactance Xq’, per 
(S81 a re AOE CRITI CIOS iG ROTO Mettritsy Ll Oras seen iererars WSiSi ee cred stapes aes 2B Oe roe orn eetetere D310 ee ee cieiti seheis 23.9). 2 ee rere VB pace sere ous 0, Fras 2) aeeeee te Oe 
1 unit, 18.6 
A. Inertia constant. Al coda L Ate 405) ost 4 G4 SS eho dcvertus 4:09: Berta ce 4 OOS, ce carci A O9 oP ects eae By f ee Ee ras cs : 
1 unit, 4.14 
is MES iyYse abr ebhy eas ONO oOme noo Oe INONE tate wine icf tones None ira..sseuaetse INONES. os ceteertel NONE S ncttomne None cs ostamesia ONODE ane chle wicie None. «3... «seer I 
D. Excitation system 
TS (Exciter response, Sper tunttcci. OVS ats iets irs. oes ell Onin teiele clo vitro Otueiveli emis, 0.054. amin ccincis Oso Skreet eyaied OH KNOW a cesta Selfiz... cre ccemmete Han 
(figure 10) self- or pilot exciter Self Pilot Self Self Self Self tion 
E. Breakers and relays 
ie Breaker:speed, cycles co) o.ryecis et cc ecrreorE ates ai oIG BS aad sie eheror 22 Seyrscseciites Ba 12 venience: Sal Zeros teats Vin wacancaconc T=18.. wc: Jaen 
Fo Relaying ity pew. cai ctts «see -are sie Distance & ...Distance& ...Distance .. Distance & ...Distance & ...Overcurrent ...Overcurrent ... Diffe 
overcurrent overcurrent overcurrent overcurrent 
SaeELOtAltimMe MCYClES*. sterols oie see 1O=60)0 reaper ose TO=6 0) ercccdararctaee VSO Jiere seven eeayecs LO=1E Se dior T2458 osc. ie Line: 9-67; ...Line: 39-675 <-.neem , 
G’nd: 9-25 G’nd: 12-53 
F. Lightning protection 
Te LOWED CONSEEUCTION, cei crrccias +0 SL Sbaccoodoa0n Steelycsine crac Stee lamalenettonicns Steeler seiterderer Steelii.+ warsenccine Steels sc. Seen Steel... s:<s:. uchateam ' 
OP GLOUMEL UN WILES stoic enslererersts) scale eieiteNel a 2 etoehstotaabeedig: ¢ Svee CIE ALCO ORIG F A reabees te teno aterumtoror a Promo. c-ciae sues brane ctomtero rd AL Bic ont soeheh etenato rere Livs:..5.0 hele 
on COMMECLPOISESi arate tiie micaietensye ohetine INOnG .raarary oe scaye NOnés cc cetenjeeen NONG 5.5 cco 3 ue e NONE. sielceis crete INOnGSs.toonekie. INORG. c.tncrsoiate None). chee i 
CUBE THIEN Cy con tn OO COMIC aO. aoc 8-JD2501...... 8-JD2501..... 8-6/2” units ...8-61/2” units ...8-61/2” units ..... Susp: 9-10” ...(Sameas ..... Su 
x 43/4” units item I) 
Deadend: 11- Deac 
same 
bo Vaghtning arresters: ee cscs «06 NONE. csinels siecle IN Of Ciererele lets erste Yess caraareetere WE heondsonoded DOS Been ons Ls MESS ogg so Gok Wi@S 5. nrsleeierorerene e 


* Note: In certain cases of sequential tripping, time given applies to first breaker only. 


avoiding the stability limits since such a system inher- 
ently provides a nonsynchronous tie. In America, 60- 
cycle alternating current is very generally established for 
utilization. Consequently, the proposals to use low- 
frequency a-c and high-voltage d-c transmission schemes 
have included conversion means at the receiving end. In 
general, the use of the low-frequency a-c system involves 


no new problem in apparatus or application so that its use 
is not hindered on this account, though static apparatus 
may find application in the field of frequency conversion. 
In the case of d-c transmission, however, the conversion 
from a-c generation to the d-c high voltage required for the 
transmission line involves rectifiers for which there is no 
comparable operating experience; in the case of the invert- 
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rs at the receiving end still less work has been done. Con- 
equently, d-c transmission has received very little practical 
onsideration, although a 5,000-kw experimental d-c 
ransmission system, which will transmit power 17 miles 
t 30,000 volts, is being built to obtain operating ex- 
erience. 

At the present time the limitations in 60-cycle systems, 


from the standpoint of system stability, are not of suffi- 
cient importance as to justify the adoption of either low- 
frequency a-c or high-voltage d-c transmission. The pos- 
sible field for d-c transmission will depend largely on the 
usefulness of its operating characteristics aside from sta- 
bilty and on the future development of conversion appara- 
tus. In this connection it should also be recognized that 
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* Note: In certain cases of sequential tripping, time given applies to first breaker only. 


there is a possibility of an improvement in a-c trans- 


mission at normal frequencies. 


Recent Practices Regarding Stability Features 


In order to summarize the present status of the stability 


past 10 years and lists the data on the various stability 


measures employed. While the list of installations is ob- 
viously incomplete, nevertheless, it is believed that the 


problem from the practical standpoint of its effect on 


power system design, table III has been prepared. This 
table gives the principal installations made during the 
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Future Developments 


list is representative of the practice in regard to stability. 


In concluding this ‘First Report on Power System 
Stability,” it is natural to turn from consideration of the 
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st practices and the present status and to contemplate 
ie future. Probably the best forecast of the future can 
» made from an examination of the problems which are 
ceiving active consideration at the present time. These 
oblems include the development of faster breakers and 
lays, particularly of relays to meet the wide range of 
stem conditions to be encountered. Flashover-preven- 
yn and arc-suppression measures are receiving a great 
al of attention, particularly from the standpoint of the 
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application of ground wires and lower tower-footing resist- 
ance on high-voltage lines, and flashover protector tubes 
for intermediate-voltage lines. Further study is being 
given to the reactances of synchronous machines, par- 
ticularly as to the proper equivalent value to be used in 
stability studies. Reclosing breakers are receiving favor- 
able consideration but much remains to be done to de- 
termine the extent of their proper field of application. 
The interconnection of individual power systems, each 
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with automatic frequency control for time-keeping pur- 
poses, has introduced problems which are receiving active 
consideration. Stability limits of particular systems are 
being examined from the standpoint of providing better 
instruction for the guidance of system operators during 
unusual or emergency circuit conditions. 


Bibliography 


This is arranged in 2 parts. Part I is intended to give a sub- 
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papers dealing with the solution of network problems which are 
inevitable in stability calculations. Foreign references have not 
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150. (M,O) Braley, H. D., and J. L. Harvey: Favuit AND Ovut-or-Srep 


PROTECTION OF LINES, TRANS. AIEE, vol. 54, Feb., pp. 189-200. 


151. (A) Beckwith, Sterling: Sreapy-Sratz SoLuTrion or SATURATED 
Circuits, Trans. AIEE, vol. 54, July, pp. 728-34. 
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Committee Report—Stability 


152. (A) Dahl, O. G. C.: Srasiriry oF GENERAL Two-MacuINE System, 
Trans. AIEE, vol. 54, Feb., pp. 185-8. - 


153. Edgerton, H. E.: A Srroposcopic Power ANGLE RECORDER, TRANS, 
AIKE, vol. 54, May, pp. 485-8. : 
154. (M) Johnson, J. T., Jr., and J. W. Graff: ResuLtts WirH Quick Re. 
CLosuRE oF 110 Kv Breaxegrs, Elec. World vol. 106, Sept. 14, pp. 2214-17, 


155. (M) Kilgore, L. A.: Errgecrs oF SATURATION ON MACHINE REA. 
TANCES, Trans. AIEE, vol. 54, May, pp. 545-50. Disc., Oct., pp. 1113-16, 


156. (A) Kingsley, Charles, Jr.: SatTuraTrED SyNCHRONOUS RBEACTANCRS, 
Mar., pp. 300-05. Disc., Oct., pp. 1111-13. : 


157. (M) Prince, D. C., and A. E. Anderson: IMMEDIATE INITIAL Re- 
CLOSURE OF O1L Crrcuir BREAKERS, Gen. Elec. Review, vol. 38, Jan., pp, 
258-62. : 
158. (M,0O) Scattergood, E. F.: ENGINEERING FEATURES OF THE BOULDER 
Dam-Los ANGELES LINE, TRANS. AIEE, May, pp. 494-512. Disc., Feb. 1936, 
pp. 200-04 and March 1936, p. 208. ; 


159. (A) Shoults, D. R., S. B. Crary, and A. H. Lauder: Purtt-IN CHarac. 
TERISTICS OF SyNCHRONOUS Morors, TRANS. AIEE, vol. 54, Dec., pp, 
1385-95. i 


160. (A) Shutt, C. C., and J. W. Dawson: ANGLE SWITCHING OF Syn- 
CHRONOUS Morors, TRANS. AIEE, vol. 54, Nov., pp. 1191-5. ) 


161. (M) Sporn, Philip, and C. A. Muller: One CycLte CARRIER RELAYING 
ACCOMPLISHED, Elec. World, vol. 106, Oct. 12, pp. 2434-7. { 


162. Willis, C. H., B. D. Bedford, and F. R. Elder: Constant CURRENT 
D-C TRANSMISSION, TRANS AIEE, vol. 54, Jan., pp. 102-08. Disc., Mar.,, 
pp. 327-9, and Apr., pp. 447-9. Aug., pp. 882-3. 


Part II—SELECTED REFERENCES ON NETWORK SOLUTIONS 


‘ 


This section is intended to include a highly selected list of refer- 
ences to methods of network solution and unbalanced fault calcula- 
tion. While this material is in itself not strictly a part of the 
stability literature, the methods described are invaluable in actual 
stability calculation. 


Symmetrical Components and Unbalanced Fault Calculations 


163. Fortescue, C. L.: SyMMETRICAL CO-ORDINATES APPLIED TO THE SOLU- 
TION OF POLYPHASE NETWORKS, TRANS. AIEE, vol. 37, Pt. II, pp. 1027-1140. 


164. Evans, R. D.: Finpinc SINGLE-PHASE SHORT-CIRCUIT CURRENTS ON 
CALCULATING Boarps, Elec. World, vol. 85, pp. 761-4, Apr. 11, 1925. 


165. Mackerras, A..P.: CALCULATIONS OF SINGLE-PHASE SHORT-CIRCUITS 
BY THE METHOD OF SYMMETRICAL COMPONENTS, Gen. Elec. Rev., vol. 29, No. 4, 
pp. 218-31, Apr. 1926 and No. 7, pp. 468-81, July 1926. 


166. Carson, J. R.: Wave PROPAGATION IN OVERHEAD WIRES WITH GROUND 
Return, Bell System Tech. Jour., vol. 5, pp. 539-55, Oct. 1926. 


167. Wagner, C. F., and R. D. Evans: SyMMETRICAL CoMPONENTS, Elec. 
Jour., vol. 25, pp. 151-7, Mar. 1928; pp. 195-7, Apr. 1928; pp. 307-11, 
June 1928; pp. 359-62, July 1928; vol. 26, pp. 426-31, Sept. 1929; pp. 571- 
81, Dec. 1929; vol. 28, pp. 239-44, Apr. 1931; pp. 308-12, May 1931; 
pp. 586-90, Oct. 1931; pp. 624-30, Nov. 1931. 

Wagner, C. F., and R. D. Evans: SyMMETRICAL CoMPONENTS (a book), 437 
pages, McGraw-Hill Book Company, New York, 1933. 


168. Clarke, Edith: SmmuLTaANEOouS FAULTS ON THRER-PHASE SYSTEMS, 
Trans. AIEE, vol. 50, Sept. 1931, p. 919. 


169. See also part I, reference number 33, appendices II and III, and refer- 
ence number 97. 


Constants of Transmission Lines and Cables 


170. Clarke, Edith: 
Elec. Rev., May 1926. 


171. Nesbit, Wm.: ELecrricaAL CHARACTERISTICS OF TRANSMISSION CIR: 
cuits, Westinghouse Technical Night School Press, East Pittsburgh, Pa., 1926 
317 pages. 

172. Bowen, A. E., and C. L. Gilkeson: Murua, IMPEDANCE OF GROUNDE 


RETURN Crrcuirs, SomzE EXPERIMENTAL STUDIES, TRANS. AIEE, vol. 49, 
No. 4, pp. 1370-13883, Oct. 1930. 


173. Clem, J. E.: REACTANCE OF TRANSMISSION LINES WITH GROUND RE: 
TURN, Trans. AIEE, vol. 50, p. 901, Sept. 1931. 

174. Webb, R. L., and O. W. Manz, Jr.: IMPEDANCE MEASUREMENTS OI 
UNDERGROUND CaBLEs, EvEc. ENGG., p. 359, April 1936. 

175. THe CaLcuLaTION OF ZERO SEQUENCE IMPEDANCE OF PowsER LINES 
AND CaBLEs, Engineering Report No. 37, Joint Subcommittee on Developmen’ 


and Research of the Edison Electric Institute and Bell Telephone System 
vol. IV, 1936. 


176. See also part II, reference number 167. 


SIMPLIFIED TRANSMISSION LINE CALCULATIONS, Gen. 


Constants of Apparatus 


177. See part I, reference numbers 113, 107, 63, 57, 44, and 32. 


Network Solution 


178. Evans, R. D.: ANartyticaLt SoLution or Networks, Elec. Jour., vol. 22 
pp. 149-54, Apr. 1924; pp. 208-13, May 1924. 


179. Dahl, O. G. C.: Execrrie Crrcuir—THrory AND APPLICATION, 39! 
pages, McGraw-Hill Book Company, 1928. 


180. Starr, F. M.: EgurvaLent Crrcuits, Trans. AIEE, vol. 51, pp. 287: 
98, June 1932. 
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A Feature of the AIEE 
1937 Summer Convention 


Opportunity to inspect the new Port 
Washington power plant of The Milwaukee 
Electric Railway and Light Company will 
ye among the high spots of the AIEE sum- 
mer convention, to be held in Milwaukee, 
Wis., June 21-25, 1937. Convention head- 
quarters will be in the Schroeder Hotel. 

Since placed in regular service December 
1, 1935, this modern steam-electric generat- 
ng station has achieved new world records 
for economy in operation. Latest available 
igures, for the first 10 months of operation, 
show an average coal consumption of 
11,094 Btu per kilowatt-hour of station 
output. International recognition was given 
this plant recently when it was visited by 
(3 delegates, representing 15 foreign na- 
tions, to the Third World Power Confer- 
sence (held in Washington, D. C., Septem- 
per 7-12, 1936). 

The plant is designed on the unit plan, 
with a single boiler for each turbo-generator; 
also one set of transformers, one 132-kv 
transmission line and one set of auxiliaries 
for each unit. The present installation of 
30,000 kw capacity is the first of a probable 
ultimate capacity of 400,000 kw in 5 units. 
Throttle pressure is 1,230 pounds per 
square inch, and steam temperature at 
doth throttle and reheat point 825 degrees 
Fahrenheit. Generator voltage is 22 kv. 

The convention transportation committee 
s making plans for transporting AIEE dele- 
zates to the plant, which is located at Port 
Washington on the shore of Lake Michigan 
ubout 28 miles north of Milwaukee. 


The personnel of the 1937 summer con- 
vention committee is as follows: Otto H. 
Falk, honorary chairman; K. L. Hansen, 
chairman; L.H. Hill, vice-chairman; C. H. 
Krueger, secretary; W.E. Crawford, treas- 
urer,; R. R. Benedict, A. G. Dewars, 
C. F. Harding, H. S. Osborne, G. G. Post, 
J. A. Potts, D. L. Smith, and W. H. Timbie. 
Subcommittee chairmen: J. F. H. Douglas, 
technical program; E. W. Seeger, finance; 
L. W. Copeland, entertainment; C. D. 
Brown, transportation; W. O. Helwig, 
registration and housing; W. E. Gundlach, 
publicity; G. F. Crowell, sports; S. H. 
Mortensen, inspection trips, and Mrs. A. C. 
Flory, ladies. 


Washington Award 
for 1937 Announced 


Doctor Frederick Gardener Cottrell, 
Washington, D. C., who perfected the 
process by which the cost of helium gas 
was reduced from $1,700 to 10 cents per 
cubic foot, has been chosen to receive the 
Washington Award for 1937 “for his social 
vision in dedicating to the perpetuation 
of research the rewards of his achieve- 
ments in science and engineering.” A 
bronze plaque set in marble, the tangible 
symbol of the award, will be presented to 
Doctor Cottrell on February 23. Doctor 
Cottrell is president of Research Associates, 
Inc., and is widely known as a chemist and 
metallurgist, a former director of the 
United States Bureau of Mines, and director 


Port Washington plant of Milwaukee (Wis.) Electric Railway and Light Company 
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of the fixed nitrogen laboratory of the 
United States Department of Agriculture. 
Besides his achievements in the cheap pro- 
duction of helium, he is famous for his work 
in nitrogen fixation, for his processes of 
cleansing gases of dust aud dirt by elec- 
trical precipitation, and for research in 
petroleum technology. 

Doctor Cottrell is the fourteenth noted 
American engineer to receive this coveted 
award since it was founded in 1916 by John 
Watson Alvord of Chicago. The award is 
administered by the Western Society of 
Engineers in co-operation with the Ameri- 
can Society of Civil Engineers, the American 
Institute of Mining and Metallurgical 
Engineers, The American Society of Me- 
chanical Engineers, and the AIEE. The 
award is made annually—providing the 
members of the commission agree on a de- 
serving candidate—as an honor conferred 
on a brother engineer by his fellows for 
accomplishments which pre-eminently pro- 
mote the happiness, comfort, and well- 
being of humanity. There have been 
several years when no award was made. 


Winter Convention to Be 
Reported in March Issue 


As this issue goes to press, the Institute’s 
1937 winter convention is under way at 
New York. Marking the resumption of a 
5-day winter convention schedule, the 
meeting has all appearances of being a 
highly successful affair. First day’s regis- 
tration was 470, compared with 602 in 
1986, 633 in 1935, and 433 in 1934. On 
the second day 357 registered, compared 
with 444 in 1936, 301 in 1935, and 433 in 
1934. 

A complete report of the convention and 
its various features is scheduled for inclusion 
in the March issue. 


Columbia University 
Offers E.E. Scholarship 


The governing bodies of Columbia Uni- 
versity have placed at the disposal of the 
AIEE each year a scholarship in electrical 
engineering in the school of engineering of 
Columbia University for each class. The 
scholarship pays the annual tuition fees of 
$380. Reappointment of the student to 
the scholarship for the completion of his 
course is conditioned upon the maintenance 
of a good standing in his work. 

To be eligible for the scholarship, the 
candidate recommended will have to meet 
the regular admission requirements in, 
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regard to which full information will be 
sent without charge upon application to the 
secretary of the University or to the na- 
tional secretary of the Institute. 

In a letter addressed to the national 
secretary of the Institute, an applicant for 
this scholarship should set forth his quali- 
fications (age, place of birth, education, 
reference to any other activities, such as 
athletics or working way through college, 
references, and photograph). A committee 
composed of W. I. Slichter, chairman, 
Francis Blossom, and H. C. Carpenter will 
consider the applications and will notify 
the authorities of Columbia University of 
their selection of a candidate. The last 
day for filing of applications for the year 
1937-88 will be June 1, 1937. 

The course at the Columbia school of 
engineering is a graduate course which may 
be either elective leading to the degree of 
master of science or prescribed leading to 
the degree of electrical engineer. For the 
former, requirement for admission is the 
completion of 4-year course in electrical 
engineering as evidenced by a bachelor’s 
degree from an approved institution. For 
the professional degree, the requirements are 
more specific as to course content and in- 
clude a considerable proficiency in mathe- 
matics, physics, and chemistry, and some 
knowledge of the humanities, as well as the 
usual undergraduate technical courses. 
The candidate is admitted on the basis of 
his previous collegiate record without under- 
going special examinations. Other quali- 
fications being equal, members of the stu- 
dent Branches of the AIEE will be given 
preference. 

The purpose of this advanced course is 
to produce a high type of engineer, trained 
in the humanities as well as in the funda- 
mentals of his profession. It is hoped that 
Enrolled Students and others qualified will 
show a keen interest in this scholarship. 


Who's Who 
in Engineering 


That all qualified engineers will be in- 
cluded in the fourth (1937) edition of ‘‘Who’s 
Who in Engineering,’ is the expressed hope 
of those participating in the preparation of 
that volume. First issued in 1922-23, 
reissued in 1925 and 1931, ‘““Who’s Who in 
Engineering” has made a place for itself 
as a reference and record volume. Its 
principal failing has been that many 
qualified engineers have not been included, 
a deficiency that apparently came about 
through the failure of individuals to return 
questionnaires with the data required for 
the preparation of entries. Through the 
active co-operation of American Engineer- 
ing Council, it is now hoped that this earlier 
deficiency can be overcome, although the 
final answer still rests with individuals. 

Questionnaires were mailed some weeks 
ago ‘“‘to every engineer for whom a perma- 
nent address [was] available, so that none 
may be missed.” Chairman Potter of 
AEC’s committee urges Institute members 
to co-operate by promptly filling and re- 
turning these questionnaires. It is pointed 
out that ‘‘space in the volume cannot be 
purchased,’ and that there is no obligation. 
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Electronic Tube Nomenclature Being Studied | 


Control 
Means 


Character 
of Space 


Output 
Energy 


Type 
Cathode 


Generic 
Term 


Thermionic 


None 


High- 
Vacuum | Electro- 


static 


Electro- Thermionic 


Photoelectric 


Thermionic 


magnetic 


Cold 


Electrical 
None 


Pool 


Electro- 
static 


Electrode 


Cold 


Pool 


*Electronic 
Tubes 


(or Tanks) 


Ignition Pool 


Electrode 


magnetic 


Light 
Ultraviolet 


X-Ray 


Cathode-Ray 


Thermionic Phanotron 


Photoelectric 


Thermionic 


Electro- 


f 
Definition | 
A high-vacuum thermionic tube in 


which no means is provided for con- 
trolling the unidirectional current flow 


| Names 


Kenotron 


A vacuum tube in which electron emis- 
sion is produced directly by radiation 
falling upon an electrode. A high-— 
vacuum phototube is one that is 
evacuated to such a degree that its 
electrical characteristics are essentially 
unaffected by gaseous ionization 


Phototube 


A high-vacuum thermionic tube in 
which one or more electrodes are em- 
ployed to control the unidirectional 
current flow 


Pliotron 


A high-vacuum thermionic tube in . 
which a magnetic field is employed to 
control the unidirectional current flow 


A hot-cathode gas-discharge tube in 
which no means is provided for con- 
trolling the unidirectional current flow 


Magnetron 


A cold-cathode gas-discharge tube in — 


Glow Tube 
trolling the unidirectional current flow 


A gas-discharge tube (or tank) witha 


Pool Tube 


(or Tank) which no means is provided for con- 


trolling the unidirectional current flow 


See phototube definition under “‘high- 
vacuum tubes.’”’ A gas phototube is 
one into which a quantity of gas has 
been introduced, usually for the pur- 
pose of increasing its sensitivity 


Phototube 


A hot-cathode gas-discharge tube in 
which one or more electrodes are em- 
ployed to control electrostatically the 
starting of the unidirectional current 
flow 


Thyratron 


A cold-cathode gas-discharge tube in 
which one or more electrodes are em- 
ployed to control electrostatically the 


Grid-Glow 
Tube 


which no means is provided for con- 


pool-type cathode (liquid or solid) in j 


starting of the unidirectional current © 


flow 


A gas-discharge tube (or tank) with a 
pool-type cathode (liquid or solid) in 


Grid-Pool 

Tube 

(or Tank) 
vided for controlling electrostatically 
the starting of the unidirectional cur- 
rent flow 


A gas-discharge tube (or tank) with a 
pool-type cathode (liquid or solid) in 
which an ignition electrode is em- 
ployed to control the starting of the 
unidirectional current flow in each 
operative cycle 


Ignitron 


(Not used at present) 


* “Electronic Tube’’ is a generic term, applied to various designs of tubes (or tanks) consisting of 2 or more 
elements in a container, usually of glass, and having a high vacuum or filled with gas at reduced pressure. 


An important preliminary step toward 
alleviation of the chaotic situation that has 
prevailed in connection with the multifarious 
names of electronic tubes has been achieved, 
according to recent advices from the Ameri- 
can Standards Association, of which the 
Institute is an active member-body. Asa 
tentative basis for the simplification of tube 
nomenclature, both the General Electric 
and the Westinghouse Electric & Manu- 
facturing companies have agreed to abandon 
any trademark rights either company had in 
the several names indicated in the accom- 


News 


panying tabulation, “in the hope that this 
agreement will pave the way for the adop- 
tion of these names as American stand- 
ards.” It is recognized that this is but an 
initial step, and that its principal significance 
is in connection with the names of tubes 
now commonly used for industrial purposes. 
As a forward step, however, this list of 
names is hailed with satisfaction in many 
quarters, and, until something better be- 
comes available, has been adopted for use in 
ELECTRICAL ENGINEERING. Comments are 
invited. 


ELECTRICAL ENGINEERING 


which one or more electrodes are pro- 


Committee on Broadening 
of Institute Activities 


To meet the insistent and repeated de- 
mand for a broadening of the Institute’s 
activities to cover discussions of social and 
economic subjects having engineering as- 
pects, the AIEE executive committee, at 
its meeting of December 10, 1936, author- 
ized the appointment of a special committee 


Future AIEE Meetings 


North Eastern District Meeting 
Buffalo, N. Y., May 5-7, 1937 


Summer Convention 
Milwaukee, Wis., June 21-25, 1937 


Pacific Coast Convention 
Spokane, Wash., Date to be deter- 
mined 


Middle Eastern District Meeting 
Akron, Ohio, Fall 1937 


on broadening of Institute activities. The 
committee appointed consists of the follow- 
ing: 


H. S. Ossorne, chairman (chairman, technical 
program committee) 


T. F. Barton (chairman, committee on legislation 
affecting the engineering profession) 


H. V. CarPenterR (chairman, committee on code of 
principles of professional conduct) 


L. W. W. Morrow (chairman, committee on co- 
ordination of Institute activities) 


R. W. SorENSEN (chairman, committee on economic 
status of the engineer) 


I. M. Srern (chairman, publication committee) 
W. Hz. Timsteg (chairman, Sections committee) 


J. B. Wuirennapd (chairman, committee on Insti- 
tute policy) 


Circumstances leading up to this action 
are outlined briefly in the following extract 
from the minutes of the executive com- 
mittee: 


“Further consideration was given to the subject of 
broadening Institute activities to cover discussions 
of social and economic subjects that have engineer- 
ing aspects. At its October meeting, the board of 
directors passed a motion concurring in the sug- 
gestion that such topics are of general interest to 
electrical engineers, calling attention to ‘the fact 
that the Institute has always offered facilities and 
organization for discussion of such questions,’ 
and suggesting that papers on these subjects be 
submitted to the proper committees of the Insti- 
tue for consideration for national presentation and 
publication. 


“President MacCutcheon reported the impressions 
which he received when visiting Sections in the 
West and Middle West, and analyzed the attitude 
of the Institute membership as follows: Approxi- 
mately 80 per cent of Institute members are in 
favor of a judicious broadening of Institute activi- 
ties, but 60 per cent are strongly opposed to under- 
taking anything that would not be in the interest 
of the Institute, and about 20 per cent of them are 
inclined to go so far as to be in danger of damaging 
the profession and the Institute. He met with the 
executive committee of the Chicago Section and 
explained to them the board’s attitude toward the 
suggestions of the group of Chicago members con- 
cerning the broadening of Institute activities. So 
far as Institute publications are concerned, it ap- 
peared that unquestionably 90 per cent of the 
members with whom he came in contact thoroughly 
agreed that they do not want to see any of the neces- 
sary technical material omitted, but they also de- 
sire something more; and that, Mr. MacCutcheon 
pointed out, will be taken care of by the appropria- 
tion in the budget for 100 additional pages in ELEc- 
TRICAL ENGINEERING. He then referred to his 
efforts to secure papers on subjects of general in- 
terest from certain prominent men, and suggested 
the desirability of each member of the board making 
a similar effort, so that in 2 or 3 months such papers 
will be coming in. 

“Then followed a discussion on the best procedure 
for handling the papers on social and economic sub- 
jects which may be submitted, or for procuring such 
papers. It was pointed out that in the Institute 
organization there are the technical committees to 
make sure that papers on technical subjects are 
forthcoming, but that there is no one who has par- 
ticular jurisdiction over the papers on economics, 
administration, etc., which the membership seems 
to want. The desirability of setting up a particular 
committee for this purpose was discussed. The 


Westinghouse Commemoration at ASME Convention 


Tue ninetieth anniversary of the birthday of George Westinghouse 
was commemorated December 1, 1936, during the 57th annual 
meeting of The American Society of Mechanical Engineers, by a 
special 2-session program which consisted of an afternoon session at 
which former friends and associates of Mr. Westinghouse brought 
personal testimony of his engineering achievements, and an evening 
session at which formal addresses were delivered. The group on the 


platform during the afternoon session is shown above; they are, 
standing, left to right: J. F. Miller, vice-chairman of the Westing- 
house Air Brake Company, Pittsburgh, Pa.; N. W. Storer (A’95, 
F’13, member for life) retired consulting railway engineer of Westing- 
house Electric & Manufacturing Company, East Pittsburgh, Pa.; 
Thomas Campbell, veteran employee of the Westinghouse Air 
Brake Company; Francis Hodgkinson (A’02) consulting mechanical 
engineer and former turbine expert for the Westinghouse company, 
New York, N. Y.; A. W. Berresford (A’94, F’14, member for life, 
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past-president) New York, N. Y.; C. R. Beardsley (A’08, F’30) 
superintendent of distribution of the Brooklyn (N. Y.) Edison Com- 
pany; Roy V. Wright, editor of Railway Age, New York, N. Y.; 
and Charles F. Scott (A’92, F’25, HM’29, member for life, past- 
president) professor of electrical engineering emeritus of Yale 
University, New Haven, Conn.; seated, left to right: L. B. Still- 
well (A’92, F’12, member for life, past-president) consulting engi- 
neer, Princeton, N. J.; W. W. Nichols, assistant to the chairman, 
Allis-Chalmers Manufacturing Company, New York, N. Y.; Frank 
W. Smith (A’05, M’12) president of the Consolidated Edison Com- 
pany, New York, N. Y.; E. R. Hill (A’99, F’12, member for life) 
consulting engineer, Gibbs and Hill, New York, N. Y.; J. V. B. 
Duer (A’15, F’29) chief electrical engineer of the Pennsylvania Rail- 
road Company, Philadelphia; and Samuel Vauclain, chairman of the 
board of the Baldwin Locomotive Works, Philadelphia. W.L. Batt 
and Ralph Budd also took part in the ceremonies. 
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Membership— 


Mr. Institute Member: 


suggestion was made that the matter should be 
handled in a positive, rather than a negative, man- 
ner, by recognizing the demand on the part of the 
membership for the type of papers under discussion 
and taking the initiative in procuring such papers 
from the proper sources, so that dependence need 
not be placed entirely upon papers that originate 


spontaneously. The thought was expressed that 
diplomatic situations may arise unless there is some 
centralized specifying authority to investigate the 
possibilities before seeking a paper, and that a man 
who is approached to write a paper should be given 
the specifications for such paper. 

“Vortep that a special committee on broadening of 
Institute activities be appointed, consisting of 
the chairman of the technical program committee 
as chairman, and the chairmen of the committees 
on code of principles of professional conduct, co- 
ordination of Institute activities, economic 
status of the engineer, Institute policy, legisla- 
tion affecting the engineering profession, publica- 
tion, and Sections.” 


Johns Hopkins Engineers to Mark 25th 
Anniversary. The school of engineering of 
The Johns Hopkins University, Baltimore, 
Md., will celebrate during the latter part 
of February 1937, the 25th anniversary of 
its founding. Plans include an “engineering 
show’ that will involve displays of engineer- 
ing equipment and principles, and from 
various sources exhibits are being gathered. 
At the “commemoration day”’ exercises to 
be held February 22, Dr. Karl Taylor 
Compton (F’31) president of the Massachu- 
setts Institute of Technology is scheduled 
to deliver the principal address. During 
the exercises, honorary degrees will be con- 
ferred upon a small group of prominent 
engineers. 


Arc-Welding Foundation Established. In 
order to stimulate scientific development, 
the Lincoln Electric Company has com- 
pleted plans for establishing a fund and 
foundation to encourage study and research 
for the benefit of the industry. The fund 
has been named ““The James F. Lincoln Arc 
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Without your assistance your membership committee is definitely 
handicapped. Examine the roster of electrically interested indi- 
viduals in your acquaintance and forward the names of men you 
would choose as Institute members, who are not now members, to 
the chairman of your Section membership committee. 
obligate yourself to secure one new member for the Institute— 


YOUR INSTITUTE—your professional organization. 


Personally 


WN . 


Vice-Chairman, District No. 4 
National Membership Committee 


Welding Foundation” in honor of the presi- 
dent of thecompany. Principal direction of 
the work of the foundation will be given by 
Doctor E. E. Dreese (M’25) chairman of the 
electrical engineering department of Ohio 
State University. Commenting on the 
action, Mr. Lincoln (A’08, M’20) stated 


t 
The sole purpose of this new founda- 
tion is to challenge the attention of manu- 
facturers whose products benefit society; 
and to stimulate the ingenuity of every 
engineer and skilled worker interested in 


extending the frontiers of knowledge and 
achievement.” 


“ce 


AIEE Members Among 
“12 Greatest Inventors” 


Three deceased members of the AIEE 
were named among those chosen recently — 
as America’s ‘12 greatest inventors for the 
past century.’ The list of names was pre- 
sented dramatically during a dinner held 
in Washington, D. C., to celebrate the 100th 
anniversary of the institution of the United 
States Patent Office. Those honored and 
their principal achievements were: 


ALEXANDER GRAHAM BELL (A’84, M’84, deceased 
August 2, 1922) the telephone 


Tuomas Atva Eprison (A’84, M’84, HM’29, de- 
ceased October 18, 1931) the electric light and the 
phonograph 

ROBERT FULTON, the first commercial steamboat 


CHARLES GOODYEAR, the vulcanization process for 
rubber 


CHARLES MarTIN HALL, aluminum manufacture 
Exvrias Howe, the first practical sewing machine 
Cyrus Hatt McCormick, the first practical reaper 
OTTMAR MERGENTHALER, the linotype 

SAMUEL F. B. Morss, the electric telegraph 


GEORGE WESTINGHOUSE (A’02, deceased March 12, 
1914) the air brake 


EL Wuitney, the cotton gin 
WILBUR WRIGHT, the airplane 
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Seventeenth Annual Meeting 
Held in Washington, D. C. 


Tue AIEE was represented at the 
seventeenth annual assembly of American 
Engineering Council in Washington, D. C., 
January 14 to 16, 1987, by its 5 delegates, 
President A. M. MacCutcheon, William Mc- 
Clellan, C. O. Bickelhaupt, C. E. Stephens, 
and National Secretary H. H. Henline. 
Many other Institute members were present 
at the several sessions either as members of 
committees, representatives of local clubs, 
or speakers, among which were included 
F. J. Chesterman, general chairman of the 
public affairs committee of AEC: Thomas 
R. Tate, chief of the power resources di- 
vision of the Federal Power Commission 
and secretary of the AIEE Washington 
Section; and Harry W. Osgood, chairman of 
the Washington Section and member of 
the engineers dinner committee. Repre- 
sentatives ol the 48 national, state, and local 
societies which comprise the Council were 
present. <A report of the AEC meeting and 
the seventh conference of engineering so- 
ciety secretaries, as furnished by Frederick 
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M. Feiker, executive secretary follows: 

A session on programs of united action 
for member societies opened the conference 
of secretaries of engineering societies on the 
morning of January 14, O. L. Angevine, 
secretary of the Rochester (N. Y.) Engineers’ 
Club presiding as chairman of the confer- 
ence. Among the many discussions were 
those by A. A. Potter, president AEC, 
who spoke on intersociety co-operation, 
Watson Davis, of Science Service, whose 
subject was publicity, and F. J. Chesterman, 
who talked about public affairs. The con- 
ference continued throughout the afternoon 
with discussions on the co-ordination of pro- 
grams and meeting dates, the Third World 
Power Conference, and various programs 
local societies had found to be successful. 

That afternoon was also the occasion for 
meeting in informal round-table discussion 
of the AEC divisional committees. With 
F. M. Feiker, executive secretary, AEC, 
presiding, A. A. Potter, president, AEC, 
opened the discussion on operating commit- 
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2s. The session was devoted to a prelimi- 
ry discussion of reports of AEC commit- 
»s that were presented on January 15. 
cretary and Mrs. Feiker entertained the 
legates at a reception and tea at their 
me at the close of the session. 
At a symposium on public affairs held on 
1ursday evening, F. J. Chesterman, chair- 
an, several important questions engaging 
e attention of the administration and the 
tion were discussed, such as social secu- 
y, old age and unemployment compensa- 
mn, industrial co-operation with and with- 
t government supervision, conservation 
natural resources, national, state, and 
cal public works activities and rural elec- 
fication. The speaker on social security 
us Arthur J. Altmeyers, of the Social 
curity Board. Colonel E. W. Clark, 
ecutive assistant, Public Works Adminis- 
ation, in his address, made a plea for 
eater social-mindedness in engineers. 
. his discussion of natural resources, 
aomas R. Tate, chief, power resources 
vision, Federal Power Commission, dis- 
ayed numerous large-scale maps of power 
stems in the United States, including one 
owing the geographical regions into which 
is proposed to divide the nation for 
irposes of power production and distribu- 
on. 


EPORTS OF COMMITTEES 


At the business session on Friday morning, 
_ A. Potter presiding, a roll call of repre- 
ntatives was followed by the president’s 
idress, and reports of the executive secre- 
ry, treasurer, and numerous operating 
mmittees. 

President Potter spoke briefly on the 
forts Council had made during the year to 
courage the activities of the committees 
id to co-ordinate the work of engineering 
cieties. He spoke of the need for more 
ctual data on the impart ot technology on 
cial security and urged the active support 
Council in efforts to assist in their deter- 
ination and dissemination, in the hope 
iat the public more generally may come to 
gard engineering and the engineer in their 
ue economic and social significance. 

Mr. Feiker read a report which covered 
ie varied and important work of Council 
id its numerous committees. Unfortu- 
itely, limitations of space forbid even a 
immary of Mr. Feiker’s report, but plans 
e under consideration to bring Council’s 
tivities before the readers of ELECTRICAL 
NGINEERING in later issues. 

The report of the treasurer showed suc- 
ssful operation of Council’s financial 
fairs within the income received and a 
lance of approximately $2,000 to carry 
rer into 1937. A budget of estimated 
penditures for 1937, amounting to $39,- 
31 was adopted. Reports were presented 
1 publicity, membership and representa- 
on, regional activities, finance, constitu- 
on and by-laws, and nominations. 

Abel Wolman, chairman of the water 
sources committee, addressed the assembly 
ncheon on the engineer’s opportunities and 
sponsibilities in the conservation of 
itural resources. 

Mr. Wolman’s excellently delivered ad- 
ess reviewed the steps by which, from the 
essure of PWA activities, and the work of 
e Mississippi Valley committee and the 
ater planning board the water resources 
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committee was evolved. He described 
briefly some of the more important prin- 
ciples of action of the water resources com- 
mittee. One was the development of co- 
ordinated national water plans. Another 
was that national water development con- 
cerned people primarily, rather than merely 
water. It was necessary, he said, to effect 
a centralization of points of view on a river 
basin as a whole in order to obtain a neces- 
sary perspective. He then described briefly 
some specific undertakings of the committee 
and the work of several subcommittees 
that experience had shown that it was 
necessary to organize. 

Following the luncheon, reports of numer- 
ous public-affairs committees of AEC 
were presented. F. J. Chesterman presided. 

Although it is impossible to summarize 
the numerous reports presented, it may be 
stated that extensive discussions followed 
the presentation of the reports on patents, 
R. S. McBride, chairman; public works, 
Alonzo J. Hammond, chairman; rural elec- 
trification, L. F. Livingston, chairman; 
conservation and utilization, Leonard J. 
Fletcher, chairman, and surveys and maps, 
John S. Dodds, chairman. These reports 
were accepted and referred to the executive 
committee for action. 

Morris L. Cooke, administrator, Rural 
Electrification Administration, spoke on the 
achievements of the REA which he charac- 
terized as “rural electrification in spite of 
His 3 levels of interest in the 
work, were, he said, (1) that of “gadgets,” 
the electrical devices themselves, (2) that 
of the “cultural renaissance for agriculture,” 
and (8) national survival as threatened by 
unwise use of soil and water. 


“ALL ENGINEERS’ DINNER” 


As usual, the high point of the AEC an- 
nual assembly was the “all engineers’ din- 
ner,” held on the night of January 15 with 
about 450 in attendance and President A. A. 
Potter presiding. A reception preceded the 
dinner. A feature of the dinner program 
was the presentation of honorary membership 
of the ASME to Admiral Cone, retired, of 
the United States Navy. 

Acting as toastmaster was Colonel D. H. 
Sawyer, director, Federal Employment 
Stabilization Board, who introduced Messrs. 
Angevine, Bickelhaupt, MacCutcheon, 
Mead, Coleman, Feiker, and Blasinghame 
and spoke on the construction during the 
depression. 

Admiral Cone was presented by M. X. 
Wilberding, chairman of the ASME 
Washington section. In introducing 
Admiral Cone, Mr. Wilberding spoke briefly 
of his naval career. 

In responding to the speech of presenta- 
tion by J. H. Herron, president of the 


. ASME, Admiral Cone expressed his appre- 


ciation of the honor done him, and said that 
he would maintain the high standards set 
by those distinguished engineers who had 
previously been elected to honorary mem- 
bership in the ASME. 

The principal addresses at the dinner were 
by Rear-Admiral Harold J. Bowen, engi- 
neer-in-chief of the United States Navy, 
who spoke on national defense, by Hon. J. C. 
O’Mahoney, senator from the State of 
Wyoming, on the interstate regulation of 
business by federal license, and by C. F. 
Hirshfeld, whose subject was the engineer’s 
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responsibilities in social and economic 
questions. Because of Mr. Hirshfeld’s 
illness his address was read by R. L. Sackett. 

Admiral Bowen said that a modern navy 
is highly mechanized and depends on the 
engineer for maintenance, and called atten- 
tion to the diversity and extent of the 
vessels, aircraft, shore establishments, and 
communication systems of which it is com- 
prised. He gave many examples of the 
stimulation to naval engineering coming 
from industry, as well as that received by 
industry from the Navy. In closing he 
asserted that naval defense is a struggle be- 
tween applied science as utilized by the com- 
batants and that a navy cannot rise above 
the level of the engineering development of 
the nation to which it belongs. 

In his penetrating and carefully reasoned 
address Mr. Hirshfeld urged the engineer to 
enlarge the sphere of his influence by accept- 
ing a larger measure of responsibility in 
solving social and economic problems re- 
sulting from the impacts of applied science. 
He made a plea for a factual study of such 
grave questions as technological unemploy- 
ment, relative returns to capital and labor 
of the fruits of industry, and competition. 
As examples of public questions in which 
engineers might interest themselves in their 
own communities as a public service he 
mentioned traffic reguletion, air pollution, 
noise abatement, and public transportation. 
He closed by asking whether or not the engi- 
neer would have the fortitude to serve 
humanity in the future in the same grand 
manner in which he had served it on tech- 
nological matters in the past. 

Senator O’Mahoney gave numerous ex- 
amples of corporation created under the 
laws of a single state which do business in 
several or all states and in world trade, and 
argued that there exists a need for the regu- 
lation of interstate business by means of 
federal licenses. He explained some of the 
principal features of a bill before the 
Congress introduced by him as a device for 
the regulation he proposed. 


SESSION ON ENGINEERING ECONOMICS 


Continuing its meeting on Saturday 
morning with a session on engineering 
economics, the assembly listened to further 
reports. Mr. Chesterman made a plea for 
engineers to take a broader view of their 
profession in line with the thoughts ex- 
pressed in Mr. Hirshfeld’s address at the 
dinner, and had a discussion on effective 
publicity on engineers and their work. 

C. E. Stephens reported for several of the 
united action committees; and a resolution 
was passed in favor of an extension of the 
merit system. 

In presenting a report of the engineering 
economics committees Ralph E. Flanders 
reviewed the status of the third progress 
report of the committee on consumption, 
economics, and distribution. For the com- 
mittee on special surveys and studies he 
made the proposal, which was referred to 
the executive committee by vote of the as- 
sembly, that Council bring about co-opera- 
tion between its engineering economics com- 
mittees and social-science groups. 

J. Frederic Dewhurst, of the committee on 
social security of the Social Science Research 
Council, spoke briefly on social science and 
engineering. The engineering profession, 
he said, was in a position to make a con- 
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tribution to the preventive side of social 
security. 

Officers elected at the assembly meeting 
were, for vice-presidents C. O. Bickelhaupt, 
and John S. Dodds, representing the state 


and local member organizations. C. E. 
Stephens was elected treasurer. In all 
cases these were re-elections. The term of 


president is for 2 years, and as Dean Potter 
has served but one, he will continue in that 


office for 1937. Representatives and alter- 
nates to the assembly were also elected 
from the 6 geographical districts into which 
AEC membership organizations are di- 
vided. F. M. Feiker was re-elected execu- 
tive secretary. Chairmen of committees 
selected were William McClellan, finance; 
C. O. Bickelhaupt, membership and repre- 
sentation; and F. J. Chesterman, public 
affairs. 


letters to the Editor 


CONTRIBUTIONS to these columns are invited 
from Institute members and subscribers. They 
should be concise and may deal with technical 
papers, articles published in previous issues, or other 
subjects of some general interest and professional 
importance. ELECTRICAL ENGINEERING will en- 
deavor to publish as many letters as possible, but of 
necessity reserves the right to publish them in 
whole or in part, or reject them entirely. 


ALL letters submitted for consideration should be 
the original typewritten copy, double spaced. Any 
illustrations submitted should be in duplicate, 
one copy to be an inked drawing but without 
lettering, and other to be lettered. Captions 
should be furnished for all illustrations. 


STATEMENTS in these letters are expressly under- 
stood to be made by the writers; publication here 
in no wise constitutes endorsement or recognition 
by the American Institute of Electrical Engineers. 


An Analysis of 
Electrical Engineering Graduates 


To the Editor: 


In the article, “An Analysis of Electrical 
Engineering Graduates,” which appeared 
on pages 952-3 of the September issue of 
ELECTRICAL ENGINEERING, Brown Univer- 
sity, at Providence, R. I., unfortunately 
was omitted from the list of American col- 
leges offering a 4-year course in electrical 
engineering, leading to a degree of bachelor 
of science in electrical engineering or its 
equivalent. Since the publication of that 
article, information from Duke University, 
Durham, N. C., also has been made avail- 
able. 

Students at Brown who specialize in elec- 
trical engineering receive the degree of 
bachelor of science in engineering on com- 
pletion of the 4-year course. Following 
are the numbers of graduates who special- 
ized in electrical engineering at Brown dur- 
ing the period of the survey: 1927-28—14; 


1928-29—13; 1929-30—11; 1930-31—6; 
1931-32—5; 1932-33—12; 1933-34—11; 
1934-35—9. 


Duke University, which offers a 4-year 
course leading to the degree of bachelor of 
science in electrical engineering, graduated 
the following numbers of electrical engi- 
neers: 1927-28—2; 1928-29—6; 1929-30 
—8; 1930-31—5; 1931-82—4; 1952-33— 
10; 1933-34—18; 1934-35—11. 


Very truly yours, 
Currrorp A. Faust (A’35) 


President, National Executive Council, 
Eta Kappa Nu Association; 

In Charge of Power Utility 

Division of Advertising, 

Ohio Brass Company, Mansfield 
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Preparation of 
Institute Papers 


To the Editor: 


We note your interest in readers’ com- 
ments on the new paper and format of 
ELECTRICAL ENGINEERING. The new page 
is indeed pleasing and easier to read. We 
regret, however, that you are now breaking 
up the continuity of articles in the usual 
magazine fashion. The continuation of 
articles on back pages, fostered by editors 
chiefly in order to take the reader into the 
advertising columns of ordinary magazines, 
is a nuisance which is probably unnecessary 
in a publication of this type. 

At various times instructions are issued 
regarding the methods of preparing papers 
for the Institute. We feel that a few com- 
ments might be pertinent at this time. 

It might be presumed that Institute 
papers, while of greater interest to the 
specialist in whose field they are written, 
are also to be read by many with a normal 
curiosity and the desire to keep informed in 
related subjects, even though the mathe- 
matics may be unfamiliar. Papers might 
better be written with the idea more clearly 
in mind that the reader knows less about the 
subject than the writer, and that the time 
and effort of the former are to be conserved 
as much as possible. Several suggestions 
can be made as an aid to easier reading. 

Even though the aim of the paper might 
be well presented in the introduction, the 
reader can follow the processes much more 
readily if the aim of each step in the de- 
velopment of the paper is presented in a 
brief statement. This, combined with 
shorter paragraphs and more frequent 
subtitles, is a great aid to rapid scanning 
and easier grasp. 

The reader who expects to make use of 
the material presented, would be aided if 
more careful attention were given to the 
following considerations: 


1. More adequate definition of symbols and terms 
used. If they are obscure, a brief background or 
more complete references would be useful. (Many 
symbols are not adequately defined by the title, as 
for instance, ‘‘synchronous reactance.’’) Under- 
standing of differential equations is frequently aided 
by identifying the type to which they belong with 
a brief statement of the manner of solution. 


2. ‘‘Word derivations’’ of equations are helpful. 
Lack of space may frequently make complete 
mathematical development inadvisable. Yet if 
the equation is important to the material at hand, 
the primary assumptions on which it is based and 
an outline of the steps followed could be given in a 
brief paragraph. Such explanations are especially 
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necessary if simplifying assumptions have be 
made in the development. 


3. Time and wasted effort could be saved t 
reader if more care were taken to indicate (wh 
known) the limitations of various data. This 
especially true when the exact process of obtainii 
data is not given and the user has small opportunj 
of determining the inherent limitations. 


4. Many Institute papers would be greatly ir 
proved if the author kept more firmly in mind th 
he must avoid the slightest suspicion of aimit 
at a display of his own erudition rather than © 
present the reader with interesting and usef 
information. 


Several years ago Professor Karapeto 
made the prediction that the time woul 
come when electrical engineers would cot 
cern themselves more with the fundament 
nature of classical vector theory. Pape 
presented before the Institute for the pa 
year indicate that this prediction wi 
justified. 

In view of the present growth of suc 
application and its probable continuatior 
it might be well through adequate definitio1 
to avoid the confusion which may readil 
arise. Classification of a term as a vect 
may no longer be an identification at al 
when one considers that the writer may hay 
in mind the complex number vector, tho: 
of classical vector analysis, those based o 
the work of Hamilton, of Gibbs-Wilso1 
or the more modern concepts and variatior 
of them associated with certain forms « 
tensor analysis, the complex vector 
A. Pen-Tung Sah, etc. 

It would be well to remember that e3 
periments (and this might hold for math 
matical developments as well) are accepte 
by science only if they are susceptible t 
reproduction. Hence, while one may hay 
no reason to doubt that a writer has ot 
tained the results or made the analyses kh 
claims, nevertheless, through inadequat 
definition of symbols, unannounced assumt 
tions in his derivations, and a presentatio 
not aimed to be of maximum value to th 
reader, the latter may frequently be unabl 
to reproduce the work presented. Suc 
reproduction is necessary to progressiv 
growth and development of a science. 


Very truly yours, 


A. F. Pucustein (A’20, M’27 
Chief Enginee 


T. C. Luoyp (A’3I 
Development Engines 


Robbins & Myers, Inc 
Springfield, Ohi 


Electrical Engineering's 
New “Easy-Reading Page’ 


To the Editor: 


... You are to be congratulated on th 
makeup of the January 1937 issue of ELEC 
TRICAL ENGINEERING. I admit my firs 
reaction to the cream-colored paper wa 
negative. However, as I sat in my specie 
chair last evening reading your ‘‘easy 
reading page’? under our IES lamp, 
found my technical reading to be a pleasut 
indeed. I hope you do not go back to th 
white paper. I find this paper very muc 
more restful, for my eyes are quite sens 
tive to glare. Listing the author and tit 
at the bottom of each page is an improve 
ment. The 2 pages which include the be 
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nning of an article always have an un- 
iuny way of sticking together. The titles 
id page numbers are so much more con- 
enient at the bottom than they would be 
- the top. When this information is given 
t the top, one either must open the maga- 
ne wide or lean halfway across the desk. 
m sorry that I can’t offer any constructive 
‘iticism. You are too far ahead of me... 


Very truly yours, 
V. P. HESSLER (A’29) 


Instructor in Electrical Engineering, 
Iowa State College, Ames 


o the Editor: 


... The new style paper appeals to me, 
nce it seems to hold what was promised, 
imination of glare. I believe the carrying 
ver of the name of author and abbreviated 
tle on all pages of the papers will help 
mnsiderably in locating desired references. 


Very truly yours, 


J. H. Hacencuts (A’28) 


Electrical Engineer, High Voltage 
Engineering Laboratory, General Electric 
Company, Pittsfield, Mass. 


‘0 the Editor: 


As one whose eyes are sensitive to glare, 
ue undoubtedly to poor lighting and “‘hard- 
sading pages” in youth, I want to commend 
ou most heartily on the adoption of the 
easy-reading page.” 

Very truly yours, 
FREDERICK HoLMEs (A’22, M’27) 


President, Duncan Electric Manufacturing 
Company, Lafayette, Ind. 


0 the Editor: 


...I1 think that a very great improve- 
ent has been made in the general style 
ad make-up... 


Very truly yours, 


A. S. LANcsporr (A’08, F’12) 


Dean of the Schools of Engineering and 
Architecture, Washington University, 
St. Louis, Mo, 


o the Editor: 


I find that the new ‘“‘easy-reading page’ 
exactly that. I hope that you will con- 
nue to use it. 


WILLIs W. SNYDER (A’35) 


Meter Department, Niagara Alkali Company, 
Niagara Falls, N. Y. 


o the Editor: 


I wish to comment very favorably on the 
lange you have just made in the paper on 
hich ELECTRICAL ENGINEERING is printed. 
he light buff color is far easier on the 
res and under artificial light the glare is 
duced almost to the vanishing point. 
Also I like very much your initial page 
titled ‘“High Lights.” It is an excellent 
ea to have a brief summary of this sort 
ven first. One can see at a glance what 
ticles are of most interest and will then 
» induced to look them up and read them 
ore thoroughly. 

I certainly hope that both of these fea- 
res are continued. 


Yours very truly, 


R. W. WarRNER (M’28) 


Professor and Head of the 
Department of Electrical Engineering, 
University of Kansas, Lawrence 
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To the Editor: 


I would like to register enthusiastic ap- 
proval of the new type and tinted paper 
used in ELrctricaAL ENGINEERING. I 
think the paper color very well chosen since 
the temptation usually is to use too yellow 
a stock. 


Very truly yours, 
L. J. Butro_pex (M’36) 


Electrical Engineer, General Electric 
Vapor Lamp Company, 
Hoboken, N. J. 


To the Editor: 


May I add my word of approval of your 
continued efforts to make ELECTRICAL 
ENGINEERING the best possible kind of pub- 
lication? 

The “easy-reading page’? which you pre- 
sent with the January issue is, in my opinion, 
a significant contribution of the electrical 
engineering profession to human welfare. 
There is no doubt but what this sort of thing 


has long been needed, and I trust that 
continued efforts may be fruitful along this 
line. 


Sincerely yours, 
M. S. Coover (A’16, M’32) 


Head of Electrical Engineering 
Department, Iowa State College, Ames 


To the Editor: 


I was very much interested in your easily 
read page which appeared in the January 
1937 issue of ELECTRICAL ENGINEERING. . . 
all comments which I have heard have been 
favorable. . . After I had gotten over my 
first unfavorable impression of seeing the 
yellowed edges of the sheets before the book 
was opened, I liked it very much.... 


Very truly yours, 
WILLarRD CHAMPE (A’25, M’35) 


Electrical Engineering Department, 
The Commonwealth & Southern 
Corporation, Jackson, Mich. 
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ASGER Vitstrup (A’20, M’27) chief 
electrical engineer, British Columbia Elec- 
tric Railway Company, Ltd., has been 
elected president of the Engineering Pro- 
fession in British Columbia for the year 1937. 
Mr. Vilstrup was born at Borris, Denmark, 
in 1884, and received his technical education 
at the College of Electrical Engineering, in 
Copenhagen, Denmark. Upon completion 
of his studies, he was employed by several 
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ASGER VILSTRUP 


electrical companies in England, including 
British Insulated and Helsby Cables, Ltd., 
during the period 1903-09. In 1911 Mr. 
Vilstrup went to Canada to become field 
draftsman and subforeman on hydroelectric 
construction at Lake Buntzen for the British 
Columbia Electric Railway Company, Ltd. 
Three years later he was made assistant 
engineer in the electrical department of that 
company at Vancouver. In that position 
he was engaged in the design of substations 
and transmission and distribution lines, and 
in the maintenance of the power plant and 
distribution systems. In 1929 Mr. Vilstrup 
was appointed assistant plant manager, and 
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during the year 1935-36 was acting plant 
manager. He was made chief electrical 
engineer in 19386. He has been active in the 
affairs of the Institute’s Vancouver Section 
for several years (chairman 1925-26) and 
was active in the arrangements and ad- 
ministration of the AIEE Pacific Coast 
convention held at Vancouver in 1932. 


P. S. Mitrar (A’03, M’13) president, 
Electrical Testing Laboratories, Inc., New 
York, N. Y., was elected president of the 
United States National Committee of the 
International Commission on Illumination 
at the recent annual meeting of the Com- 
mittee. Mr. Millar was born at Andover, 


P. S. MILLAR 


N. J., in 1880, and obtained his formal tech- 
nical eduction at Paterson Classical and 
Scientific School and through the Inter- 
national Correspondence Schools. In 1897 
he entered the employ of the Lamp Testing 
Bureau (now Electrical Testing Labora- 
tories, Inc.) and in 1899 became assistant 
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manager of that company. He became gen- 
eral manager in 1914, and has been presi- 
dent since 1980. Mr. Millar has done much 
original work in illumination research, being 
co-inventor of the Sharp-Millar photometer, 
and has contributed liberally to the tech- 
nical press. He has been a member of the 
Institute’s committees on electrophysics, 
1917-18; meetings and papers (now tech- 
nical program), 1925-28; and a member 
siuce 1924 and chairman from 1925 to 1928 
of the committee on production and ap- 
plication of light. Mr. Millar is a fellow of 
the American Physical Society, member of 
the council of the Association of Consulting 
Chemists and Chemical Engineers, secre- 
tary-treasurer of the Association of Edison 
Illuminating Companies, member and past- 
president of the Illuminating Engineering 
Society, and director of the Thomas Alva 
Edison Foundation. 


WILLIAM KELLy (F’25) formerly president 
of the Buffalo, Niagara, and Eastern Power 
Corporation, recently was elected president 
of the Niagara, Lockport, and Ontario 
Power Company. Colonel Kelly was born 
in New York, N. Y., in 1877, attended the 
Sheffield Scientific School of Yale Uni- 
versity, and was graduated from the United 
States Military Academy in 1899. During 
1902-03 he pursued graduate work in the 
U.S. Army Engineer School of Application. 
Upon graduation in 1899, Colonel Kelly was 
placed in charge of design of electrical in- 
stallations for sea coast defenses. He con- 
tinued to serve in that capacity, and con- 
currently (1906-10) as assistant engineer 
commissioner of the District of Columbia, 
until 1913. During the World War he 
served as chief engineer of the 42nd Division 
and Fourth Army Corps, and reported for 
the peace conference on several rivers that 
were internationalized. When the Federal 
Power Commission was organized in 1920, 
Colonel Kelly was appointed its chief 
engineer and, while serving in that capacity, 
presented a report on the Colorado River 
as a source of hydroelectric power and irriga- 
tion supply. He was also an active member 
of the superpower committee for the 
northeastern area of the United States and 
a member of the American section of the 
International Board of Engineers, investi- 
gating the St. Lawrence waterway project. 
In 1925 he was appointed director of engi- 
neering of the National Electric Light As- 
sociation, and in the following year became 
affiliated with the Buffalo, Niagara, and 
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Eastern Power Corporation. Colonel Kelly 
became president of that company in 1933. 
He is a member of the Society of American 
Military Engineers and the American 
Society of Civil Engineers; he received the 
James Laurie prize of the latter society in 
1925. 


H. M. SuHarp (M’34) superintendent of 
the Huntley stations, Buffalo General Elec- 
tric Company, Buffalo, N. Y., has been 
elected a vice-president of the Buffalo, 
Niagara, and Eastern Power Corporation. 
Mr. Sharp was born at Buffalo, N. Y., in 
1892, and received the degree of mechanical 
engineer at Cornell University in 1915. 
Following his graduation, he served briefly 
as an instructor in mechanical engineering 
at Cornell University, as an assistant engi- 
neer with the Bethlehem Steel Company, 
Lackawanna, N. Y., and with the U.S. 
Army, before becoming efficiency engineer 
at Huntley station in 1919. In 1926 he 
accepted a similar position with the Indiana 
Electric Corporation, Terre Haute, Ind., 
but returned to the Buffalo General Elec- 
tric Company in 1928 as assistant chief 
engineer of Huntley station. On comple- 
tion of the second Huntley station, Mr. 
Sharp was made assistant superintendent of 
both stations in 1930; in 1931 he became 
superintendent, which position he has held 
for the last 6 years. 


N. R. Grsson (M’32) vice-president of 
the Buffalo, Niagara, and Eastern Power 
Corporation, Buffalo, N. Y., has been 
appointed vice-president of the Buffalo 
General Electric Company and the Niagara, 
Lockport, and Ontario Power Company, and 
director of the Niagara Electric Service 
Corporation. Mr. Gibson was born at 
Guelph, Ont., Canada, in 1880, and was 
graduated from the University of Toronto 
in 1901, with a diploma in mechanical and 
electrical engineering; in 1904 he received 
the degree of bachelor of arts and sciences, 
and in 1931 the honorary degree of doctor of 
engineering at the same institution. Fol- 
lowing his graduation in 1904 he served 
briefly with several contracting companies 
before becoming associated (1908) with 
Smith, Kerry, and Chase, consulting engi- 
neers in Toronto, Ont., Canada, where he 
was in charge of the civil and hydraulic 
department. During 1913-15 Mr. Gibson 
served as consulting engineer to the Ontario 
Power Company, Niagara Falls, Ont., and 
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the Electric Power Company, Ltd., Toronto 
later, he served as chief engineer for the 
Ontario Power Company, 1915-16, and 
assistant chief engineer of the Electric 
Power Company, 1916-17. From 1918 to 
1925 he was hydraulic engineer of the Hy- 
draulic Power Company (now Niagara 
Falls Power Company), Niagara Falls, N.Y, 
later serving as executive engineer, chief" 
engineer, and vice-president and chie 
engineer; concurrently he was vice-presi 
dent and chief engineer of the Buffalo, 
Niagara, and Eastern Power Corporatio: 
and vice-president of the Niagara Hudso: 
Power Corporation, New York, N. Y. Mr 
Gibson is a member of the American Societ 
ot Civil Engineers and The American Societ 
of Mechanical Engineers. 
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i Ls BEAISDELL,  (AC20 5 ViEZ2 a 
president) southwestern district manager, 
General Electric Company, Dallas, Texasil 
has been elected a commercial vice-presi- 
dent of the company. Mr. Blaisdell was 
born at Carlisle, Mass., in 1886, and follow- 
ing his graduation from the Massachusetts 
Nautical Training School, in 1904, he entered 
the employ of the General Electric Company 
as a student engineer at Lynn, Mass., where 
he remained until 1907. During the period 
1907-11 he served as construction engineer, 
in which capacity he supervised the instal- 
lation of power-plant equipment on many 
naval vessels built along the Atlantic coast 
and served as engineer on many trial trips. 
From 1911 to 1917 he served as commercial 
engineer in the Baltimore, Md., offices of 
the General Electric Company, and in 1917 
was transferred to the Washington, D. C., 
offices to follow various activities of the 
federal government. He served in that 
position until 1923 when he was transferred 
to Dallas as southwestern district manager. 
Mr. Blaisdell was chairman of the AIEE 
Washington Section, 1922-23, and of the 
Dallas Section, 1930-31. 


R. B. Howranp (A’11, M’22) formerly 
assistant to the president of United Engi- 
neers & Constructors, Inc., Philadelphia, 
Pa., recently was elected a vice-president 
and director of that company. Mr. Howland 
was born at Marion, Mass., in 1885, and 
received the degrees of bachelor of arts 
(1906) and bachelor of science in electrical 
engineering (1910) at Drury College and 
Purdue University, respectively. Following 
his graduation in 1910, he became associated 
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with the Stone and Webster Company, first 
is an electrician and switchboard operator 
for the Pacific Coast Power Company, 
Sumner, Wash., and later as assistant 
yeneral superintendent of the Mississippi 
River Power Company, Keokuk, Iowa. 
In 1917 Mr. Howland accepted a position as 
superintendent of power, and subsequently 
AS superintendent of power and utilities, with 
the American International Shipbuilding 
Corporation, Hog Island, Pa. He returned 
briefly to the services of the Mississippi River 
Power Company in 1919, and then became 
affiliated with Dwight P. Robinson & Co., 
Inc., New York, N. Y., as assistant electrical 
engineer. When Dwight P. Robinson & Co. 
was merged with 3 other engineering organi- 
zations to form United Engineers & Con- 
structors, Inc., in 1929, Mr. Howland was 
made assistant to the president of the new 
organization, and has held that position 
since. He is a member of Tau Beta Pi. 


M. O. Troy (A’08, M’12) manager of the 
central station department, General Elec- 
tric Company, Schenectady, N. Y., has 
been elected a commercial vice-president of 
the company. Mr. Troy was born at Bur- 
lington, N. C., in 1872, and received the 
degree of bachelor of science in electrical 
engineering at the University of Virginia in 
1896, following which he entered the employ 
of the General Electric Company as a test 
engineer. He was transferred to the West 
Lynn works of that company as foreman of 
transformer test in the following year, and 
in 1898 became associated with Prof. 
Elihu Thomson (A’84, M’91, F’13, HM’28, 
Edison Medalist ’09, past-president) in 
development work on _ constant-current 
transformers. In 1901 Mr. Troy was made 
assistant engineer of the a-c engineering 
department of the West Lynn works and 
was later transferred to the transformer 
sales department. In 1907 he became mana- 
ger of sales of transformers, lightning ar- 
resters, and voltage regulators, and in 
1923 was appointed executive assistant 
manager of the central station department. 
Mr. Troy became manager of the depart- 
ment in 1928. 


P. H. Tuomas (A’00, F’12, past vice- 
president, member for life) formerly chief 
of the power requirements division, National 
Power Survey, Federal Power Commission, 
Washington, D. C., has been appointed 
regional director of the Commission, with 
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offices at Atlanta, Ga. Mr. Thomas was 
born at Boston, Mass., in 1872, and received 
the degree of bachelor of science in electrical 
engineering at the Massachusetts Institute of 
Technology in 1893. Following his gradua- 
tion, he entered the engineering depart- 
ment of the Westinghouse Electric & Manu- 
facturing Company, East Pittsburgh, Pa., 
where his work consisted of lightning- 
arrester and high-voltage engineering, and 
remained with that company until 1903, 
when he became chief engineer of the 
Cooper-Hewitt Electric Company. In 1907 
Mr. Thomas established his own consulting 
engineering offices at New York, N. Y., 
and continued his private practice until he 
was appointed consulting electrical engi- 
neer to the firm of Guggenheim Brothers, in 
1916. In 1928 he re-established his own 
consulting engineering offices, continuing 
until he was appointed chief of the power 
requirements division of the National 
Power Survey in 1934. Mr. Thomas was 
manager of the Institute, 1907-10; vice- 
president, 1910-12; and has been a member 
of the committees on electrophysics, meet- 
ings and papers (now technical program), 
standards, power transmission and distri- 
bution, award of Institute prizes, Lamme 
Medal, and Edison Medal. He is a mem- 
ber of The American Society of Mechanical 
Engineers. 


E. D. Untenporr (A’13) formerly a 
member of the operating committee, 
Byllesby Engineering and Management 
Corporation, Chicago, Ill., has been ap- 
pointed executive engineer of Public Utility 
Engineering and Service Corporation, suc- 
cessor to the Byllesby company. Mr. 
Uhlendorf was born at Chicago in 1887, 
and attended the Armour Institute of 
Technology, specializing in civil engineer- 
ing. He has been associated with Public 
Utility Engineering and Service Corpora- 
tion and its predecessor continuously since 
1911, with the exception of a 3-year period 
during which he was engaged in special 
public utility evaluation work. He has 
had charge of many important appraisal 
projects for rate making and security issues, 
and has appeared as expert witness before 
several commissions and courts. Mr. 
Uhlendorf became a member of the operat- 
ing committee of the Byllesby Engineering 
and Management Corporation in 1925. 
He is a member of the American Society of 
Civil Engineers and the Society of Ameri- 
can Military Engineers. 
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F. M. FarMEr (A’02, F’13, director) vice- 
president and chief engineer of the Elec- 
trical Testing Laboratories, Inc., New York, 
N. Y., has been elected chairman of the 
standards council of the American Stand- 
ards Association for the year 1937. Mr. 
Farmer was born at Ilion, N. Y., in 1877, 
and was graduated from Cornell University 
in 1899. In 1903, after spending a year in 
the test department of the General Elec- 
tric Company and 21/, years in the inspec- 
tion division of the U.S. Navy at the Brook- 
lyn (N. Y.) Navy Yard, he joined the staff 
of the Electrical Testing Laboratories, Inc., 
then known as the Lamp Testing Bureau. 
Mr. Farmer has been active in various phases 
of ASA work, as chairman of 2 sectional 
committees and member of 2 others, and as 
a member of the electrical standards com- 
mittee and the United States National 
Committee of the International Electro- 
technical Commission. In addition, he is 
active in Institute affairs, having been mem- 
ber or chairman of many of the technical 
committees, and is at present a member of 
the board of directors. Since 1935 he has 
been Institute representative on the Engi- 
neering Foundation board and on the engi- 
neering societies monograph committee. 
Mr. Farmer is a past-president of the Ameri- 
can Welding Society and of the American 
Society for Testing Materials, a fellow of 
the American Association for the Advance- 
ment of Science, and a member of the In- 
stitution of Electrical Engineers and The 
American Society of Mechanical Engineers. 


H. J. Mac Leop (A’23) formerly profes- 
sor of electrical engineering, University of 
Alberta, Edmonton, Canada, has been ap- 
pointed head of the department of mechani- 
cal and electrical engineering at the Uni- 
versity of British Columbia, Vancouver. 
Professor MacLeod was born at New 
London, Prince Edward Island, in 1887, 
and received the degrees of bachelor of 
science (1914) and master of science (1916) 
from McGill University and the University 
of Alberta, respectively. In 1921 he re- 
ceived the degrees of master of arts and 
doctor of philosophy at Harvard University. 
Following his graduation from McGill 
University, he served for 2 years as lecturer 
in electrical engineering at that institution, 
and after 3 years’ (1916-19) army service, 
entered Harvard University to pursue grad- 
uate work in electrical physics. In 1921 
he was appointed associate professor of 
electrical engineering at the University of 
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Alberta and in 1924 professor of electrical 
engineering. He is a member of the 
Engineering Institute of Canada. 


T. S. Knicut (A’05) New England dis- 
trict manager, General Electric Company, 
Boston, Mass., has been elected a com- 
mercial vice-president of the company. Mr. 
Knight was born in Massachusetts in 1882, 
and was graduated from Tufts College in 
1903, with the degree of bachelor of science 
in electrical engineering. Following his 
graduation, he entered the testing depart- 
ment of the Stanley Electric Company, 
and in the following year was transferred 
to the switchboard engineering department. 
When the Stanley Electric Company be- 
came a part of the General Electric Com- 
pany, Mr. Knight was retained in the switch- 
board engineering department at the 
Schenectady, N. Y., works of the new 
company. In 1908 he was transferred to the 
Boston, Mass., offices of the General Elec- 
tric Company, and placed in charge of 
switchboard engineering there. He has 
been New England district manager since 
1926. 


A. L. Jones (A’07, M’26) Rocky Moun- 
tain district manager, General Electric 
Company, Denver, Colo., has been elected 
a commercial vice-president of the company. 
Mr. Jones was born at Balston, N. Y., in 
1879, and received the degree of mechanical 
engineer in electrical engineering at Cornell 
University in 1904. Upon graduation, he 
entered the testing department of the Gen- 
eral Electric Company, at Schenectady, 
N. Y., continuing as a test engineer until 
he was transferred to the power and mining 
engineering department in 1906. In 1909, 
Mr. Jones was transferred to the Denver 
offices of the General Electric Company as 
district engineer, in which capacity his 
work consisted of engineering supervision 
of construction and construction contracts. 
He was appointed district manager in 1928. 


J. M. CosrE.io (A’27) vice-president and 
general manager, The Syracuse Lighting 
Company, Inc., Syracuse, N. Y., has been 
elected a vice-president of the Niagara, 
Lockport, and Ontario Power Company. 
Mr. Costello was born at Clyde, N. Y., in 
1891, and has been affiliated with the Ni- 
agara, Lockport, and Ontario Power Com- 
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pany, and its associated companies, since 
1911. During his service of more than 25 
years, he has acted as division superinten- 
dentand as district manager of that company; 
also as district manager and as general mana- 
ger of the Livingston-Niagara Power Com- 
pany. Mr. Costello was made executive 
manager of the Niagara, Lockport, and 
Ontario Power Company in 1928, and vice- 
president and general manager of The 
Syracuse Lighting Company in 1930. 


E. H. Gryn (A’03) southeastern district 
manager, General Electric Company, At- 
lanta, Ga., has been elected a commercial 
vice-president of the company. Mr. Ginn 
was born at Worcester, Mass., in 1878, 
and was graduated from the Worcester 
Polytechnic Institute in 1900. Following 
a year’s graduate study at the same in- 
stitution, he entered the testing depart- 
ment of the General Electric Company, 
Schenectady, N. Y., and after a brief 
service as test engineer was transferred to 
the railway engineering department in the 
Atlanta offices of that company. He was 
appointed district sales manager in 1918 
and district manager in 1922. 


THomas FitzGERALD (A’02) vice-presi- 
dent and general manager, Pittsburgh 
(Pa.) Railways Company, has been elected 
a member of the board of directors of the 
Philadelphia Company. Mr. Fitzgerald is 
a native (1878) of Baltimore, Md., and a 
graduate of The Johns Hopkins University 
in the class of 1898. Following his gradua- 
tion, he entered the employ of the Balti- 
more and Ohio Railroad Company as an 
inspector, and after serving with several 
companies, eventually became general mana-~ 
ger of the Cincinnati (Ohio) Traction Com- 
pany in 1918. In 1917 he resigned that 
position to join the U.S. Army, and follow- 
ing the World War Mr. Fitzgerald estab- 
lished his own consulting engineering offices 
at Pittsburgh, Pa. In 1924 he became vice- 
president of the Pittsburgh Railways Com- 
pany, and later vice-president and general 
manager. 


L. S. Boces (A’93, M’98, member for 
life) service engineer, Westinghouse Elec- 
tric & Manufacturing Company, East 
Pittsburgh, Pa., has retired from active 
service. Mr. Boggs was born at Lafayette, 
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Ind., in 1867, and was graduated from Pur- 
due University in 1888 with the degree of 
bachelor of mechanical engineering; in 
1892 he obtained the advanced degree of 
mechanical engineer from the same institu- 
tion. Following his graduation in 1888, he 
entered the employ of the Sprague Electric 
Railway Company, remaining there until 
1891. After a year of graduate study, Mr. 
Boggs wasappointed engineer of power for the 
Columbian Exposition at Chicago, IIl., in 
1893 and in 1894 he held a similar position 
at the Cotton States and International 
Exposition at Atlanta, Ga. In 1896 he be- 
came superintending engineer for the Pioneer 
Electric Power Company, Ogden, Utah, 
where he remained for 4 years before be- 
coming associated with Sargent and Lundy, 
Inc., Chicago, Ill. Mr. Boggs has been 
associated with the Westinghouse company 
since 1904, having started as a construction 
engineer. He took an active part in many 
major railway electrification projects, both 
in the United States and in South America. 


E. W. Jupy (A’26) vice-president of the 
Duquesne Light Company, Pittsburgh, Pa., 
recently was elected a member of the board 
of directors of the Philadelphia Company. 
Following a 38-year preliminary training, 
Mr. Judy became associated with the Stone 
and Webster Company at Seattle, Wash., 
in 1909, where he remained until 1914, 
when he became superintendent of construc- 
tion for the Southern Sierras Power Com- 
pany, Riverside, Calif.; later he became 
local superintendent and district manager 
for that company. In 1923 he joined the 
Duquesne Light Company as superintendent 
of overhead lines, subsequently becoming 
superintendent of the distribution depart- 
ment, operating manager, and vice-presi- 
dent. 


E. F. Nuwzet (A’27) formerly under- 
ground transmission and distribution engi- 
neer, Union Gas and Electric Company, 
Cincinnati, Ohio, has become superintend- 
ent of the underground department of the 
Cincinnati Gas and Electric Company. 
Mr. Nuezel is a native of Cincinnati, and 
an electrical engineering graduate of the 
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University of Cincinnati. Upon graduation, 


he entered the electrical distribution de- 
partment of the Union Gas and Electric 
Company in 1922 as assistant engineer on 
maintenance and construction. In 1927 
he joined the engineering staff of the Colum- 
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bia Engineering and Management Corpora- 
tion as assistant engineer on engineering 
planning, but later returned to the Union 
Gas and Electric Company as underground 
transmission and distribution engineer. 


L. O. DorrMan (A’19, M’28) manager of 
the engineering division, Westinghouse 
Electric & Manufacturing Company, Cin- 
cinnati, Ohio, has been made engineering 
manager of the New England district of 
that company, with offices at Boston, 
Mass. Mr. Dorfman was born at Pitts- 
burg, Texas, in 1892, and received the de- 
gree of electrical engineer at the University 
of Texas in 1916. He entered the employ 
of the Westinghouse Electric & Manufactur- 
ing Company, East Pittsburgh, Pa., im- 
mediately following his graduation, and 
his service with that company has been un- 
interrupted, except for a period of service 
with the U.S. Army during the World 
War. He was transferred to the Cincinnati 
offices of the Westinghouse company in 
1927. 


A. H. Morton (A’24) National Broad- 
casting Company, New York, N. Y., has 
been appointed manager of the department 
of managed and operated stations of the 
National Broadcasting Company. Mr. 
Morton is a native (1895) of Chicago, IIl., 
and an engineering graduate of the Uni- 
versity of Illinois. During 1917-19 he 
served in the U.S. Army, and following his 
resignation was associated with the General 
Electric Company for 2 years before joining 
the Radio Corporation of America as 
manager of the Washington, D. C., offices 
of that company. In 1923 Mr. Morton was 
transferred to the New York, N. Y., offices 
as head of the commercial department of 
RCA Communications, and in 1929 was 
made European manager for the Radio 
Corporation of America. 


D. S. MacCorkK Le (A’30) has resigned as 
cable engineer in the engineering depart- 
ment of the New York and Queens Electric 
Light and Power Company, Flushing, N. Y., 
and is now associated with the Habirshaw 
Cable and Wire Corporation, Yonkers, N. Y., 
as a sales engineer. Mr. MacCorkle is 
a native (1905) of Flushing, N. Y., and an 
electrical engineering graduate of Washing- 
ton and Lee University. Upon graduation, 
he entered the student training course of 
the Westinghouse Electric & Manufactur- 
ing Company, East Pittsburgh, Pa., in 
1926. After spending a year as a sales 
engineer for the Westinghouse company, he 
accepted a position as assistant engineer 
for the New York and Queens Electric 
Light and Power Company in 1928. 


J. E. M. Mritcuer, (A’27) formerly 
southern district sales manager, Jeffrey De- 
Witt Insulator Company, Kenova, W. Va., 
has been advanced to the position of general 
sales manager of the company. Mr. Mitchell 
isa native (1890) of Edisto Island, S. C., and 
an electrical and mechanical engineering 
graduate of Clemson College. Following 
his graduation, he entered the employ of 
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the General Electric Company, Schenectady, 
N. Y., as a test engineer, and for a time 
served under Dr. C. P. Steinmetz. Mr. 
Mitchell served briefly with several com- 
panies, and with the U.S. Army Corps of 
Engineers, before becoming southern dis- 
trict sales manager for the Jeffrey DeWitt 
Insulator Company in 1924. 


H. W. Eaves (A’17, F’25, past vice- 
president) who has been chief electrical 
engineer of the Byllesby Engineering and 
Management Corporation, Chicago, IIl., 
has been appointed chief electrical engineer 
of the Public Utility Engineering and 
Service Corporation, Chicago, successor to 
Mr. Eales has 
been active in Institute affairs, having been 
a member of many of the technical com- 
mittees and a vice-president (1921-26) 
representing the South West District. He 
has also been active in committee work of 
the Edison Electric Institute and the 
Association of Edison Illuminating Com- 
panies, and is a member of Phi Beta Kappa 
and Sigma Xi. 


G. H. Jump (A’18, M’30) engineer in the 
Buffalo, N. Y., offices of the General Elec- 
tric Company, has been appointed New 
England district engineer for the company, 
with headquarters at Boston, Mass. Mr. 
Jump was born at Binghamton, N. Y., in 
1888, and received the degree of electrical 
engineer at Syracuse University in 1910. 
Immediately following his graduation, he 
entered the employ of the General Electric 
Company, Schenectady, N. Y., as a student 
engineer and has since been associated with 
that company in various capacities. He 
was transferred to the Buffalo offices in 
1916 and was appointed engineer in charge 
in 1918. 


R. A. Jones (A’20) engineer in the 
Syracuse, N. Y., offices of the General Elec- 
tric Company, has been transferred to the 
Buffalo, N. Y., offices in a similar capacity. 
Mr. Jones is a native (1892) of Wabasha, 
Minn., and an electrical engineering gradu- 
ate (1916) of the University of Minnesota. 
Upon his graduation, he entered the testing 
department of the General Electric Com- 
pany, Schenectady, N. Y. In 1917 he was 
transferred to the power and mining engi- 
neering department of that company, and 
was appointed to the Syracuse offices in 
1923. 


D. J. DEBorrR (A’34) formerly assistant 
electrical engineer, Sargent and Lundy, Inc., 
Chicago, Ill., recently was appointed chief 
electrical engineer of the Loup River Pub- 
lic Power District, Columbus, Nebr. Mr. 
DeBoer is a native (1897) of Corsica, S. D., 
and an electrical engineering graduate 
(1922) of South Dakota State College. He 
has been associated with the Sargent and 
Lundy firm, directly and indirectly, since 
1927. 


W. B. RitrenHouse (A’03) for many 
years associated with H. M. Byllesby and 
Company and the Byllesby Engineering 
and Management Corporation, Chicago, 
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Ill., has been appointed assistant manager 
of the engineering division of the Public 
Utility Engineering and Service Corpora- 
tion, successor to the Byllesby Engineering 
and Management Corporation. 


F. H. Lane (M’28) for 19 years manager 
of engineering and construction for the 
Byllesby Engineering and Management 
Corporation, Chicago, IIll., has been ap- 
pointed manager of the engineering division 
of the Public Utility Engineering and Serv- 
ice Corporation, successor to the Byllesby 
organization, with which Mr. Lane has 
been associated continuously since 1904. 


H. L. Hazen (A’26) assistant professor 
of electrical engineering at Massachusetts 
Institute of Technology, Cambridge, re- 
cently was made associate professor. Pro- 
fessor Hazen, a graduate of that institution, 
was employed by the General Electric 
Company at Schenectady, N. Y., for a year 
prior to joining the faculty in 1925. 


A. B. BreRRESFORD (A’31) an electrical 
engineering graduate (1929) of Cornell 
University, recently passed the examinations 
of the National Board of Medical Examiners 
and expects to enter the general practice of 
medicine at Ithaca, N. Y., in the near 
future. 


PETER Fries, Jr. (A’34) an electrical 
engineering graduate (1933) of the College 
of the City of New York, recently was ad- 
mitted to the bar of the State of New 
York, and has opened offices for the general 
practice of law at New York, N. Y. 


G. A. Price (A’33) formerly employed 
in the engineering department of the Sus- 
quehanna Silk Mills, Sunbury, Pa., now is 
employed as general draftsman for the 
Hygrade Sylvania Corporation, St. Marys, 
Pa. 


H. A. WarREN (A’36) formerly a drafts- 
man for the Florida Mapping Project, 
Gainesville, now is an electrical mainte- 
nance engineer for the United Clay Mines 
Corporation, Trenton, N. J. 


G. E. Mutiin, Jr. (A’36) sales engineer, 
General Electric Company, Indianapolis, 
Ind., has been transferred to the rural electri- 
fication section of that company at Sche- 
nectady, N. Y. 


T. S. Baker (A’28) formerly chief engi- 
neer, Press Wireless, Inc., Hicksville, N. Y., 
recently was appointed superintendent of 
radio construction for the U.S. Signal Corps, 
with headquarters at Washington, D. C. 


L. H. DsE (A’36) has resigned his position 
with Fairbanks, Morse, and Company, New 
York, N. Y., to become associated with 
Standard Air Conditioning, Inc., New 
Rochelle, N. Y. 


H. A. Boyce (A’34) formerly division 
transmission engineer, American Telephone 
and Telegraph Company, Cleveland, Ohio, 
has been transferred to the Cincinnati, 
Ohio, offices of that company. 


G. M. Corrman (A’35) formerly a radio 
engineer for the George W. Taylor Com- 
pany, Williamson, W. Va., now is em- 
ployed by the American Rolling Mill Com- 
pany, Ashland, Ky. 
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C. M. Mackey (A’34, M’36) manager 
of the Oklahoma City (Okla.) branch of the 
Westinghouse Electric Supply Company, 
has been transferred to the Houston, 
Texas, offices of that company. 


B. P. Rucker (A’03, F’13) engineer, 
Federal Power Commission, Washington, 
D. C., recently was transferred to the 
Atlanta, Ga., regional offices of the Federal 
Power Commission. 


R. D. Goopricu (A’33) formerly an 
electric dredge engineman, U.S. Engineers, 
Fort Peck, Mont., now is a junior hydraulic 
engineer with the U.S. Geological Survey, 
St. Louis, Mo. 


M. L. Kuanna (A’31) formerly a student 
engineer for The Vilter Manufacturing 
Company, Milwaukee, Wis., has been 
transferred to Lahore, India, as a represen- 
tative of that company. 


R. W. Ruopes (A’23) who has been an 
electrical engineer for Charles H. Tenney 
and Company, Boston, Mass., now is with 
the New England Power Service Company, 
Worcester, Mass. 


T. L. Berri (A’35) formerly a junior 
engineer, Southwestern Light and Power 
Company, Lawton, Okla., now is employed 
in the relay department of the Public 
Service Company of Colorado, Denver. 


U. N. Hatiipay (A’28) formerly district 
manager, Pacific Electric Manufacturing 
Corporation, San Francisco, Calif., now is 
employed by the John Roebling’s Sons 
Company, Los Angeles, Calif. 


Obituary 


EDWARD BARNARD MEYER, of Newark, 
N. J., junior past-president of the Institute, 
died January 30, 1937, just as these pages 
were going to press. For additional infor- 
mation, see the March issue of ELECTRICAL 
ENGINEERING. 


FRANK ARTHUR Laws (A’09, M’l12, 
F’28) emeritus professor of electrical meas- 
urements, Massachusetts Institute of Tech- 
nology, Cambridge, died in November 
1936. Professor Laws was born May 28, 
1867, at North Bridgewater, Mass., and 
was graduated from Massachusetts Insti- 
tute of Technology in 1889, with the degree 
of bachelor of science, following which he 
was retained on the faculty as an assistant 
in physics. In 1891 he was made an in- 
structor in physics, and in 1894 an instructor 
in electrical measurements. From 1897 until 
1902 he served as assistant professor of 
physics before being appointed assistant 
professor of electrical testing. In 1906 he 
was appointed associate professor of elec- 
trical testing, and continued in that capacity 
until 1913, when he received a professorship 
of electrical engineering. He was retained 
at that time by the Massachusetts Gas and 
Electric Commission to make tests of elec- 
tric meters, and later performed special 


294 


work in electrical measurements for the 
Edison Electric Illuminating Company of 
Boston, the General Electric Company, 
and various electric light and power com- 
panies throughout New England. He was 
appointed professor of electrical measure- 
ments in 1921. Professor Laws was the 
author of many technical papers dealing 
with the subject of electrical measurements, 
and on that subject prepared a textbook, 
which became widely used and acknowl- 
edged to be one of the leading textbooks of 
its kind in the English language. He served 
the Institute during 1917-19 and 1920-22 
as a member of the committee on stand- 
ards, and during 1929-33 as a member of 
the committee on instruments and measure- 
ments. He was a member of the National 
Electric Light Association and a fellow of 
the American Academy of Arts and Sciences. 


WILLIAM BENJAMIN JACKSON (A’97, 
M’98, F’13, Life Member, past vice- 
president) retired rate consultant to The 
New York Edison Company, New York, 
N. Y., died January 20, 1937. Colonel 
Jackson was born June 23, 1870, at Kennett 
Square, Pa., and was graduated from 
Pennsylvania State College in 1890 with the 
degree of bachelor of science; he received 
the degree of mechanical engineer from the 
same institution in 1895. After serving 
with several companies from 1890 to 1894, 
he was employed by The United Electric 
Light and Power Company, New York, 
N. Y., as an inspector, but shortly there- 
after entered the testing department of the 
Stanley Electric Manufacturing Company 
at Pittsfield, Mass., and finally became 
assistant to the chief engineer of that com- 
pany. In 1895 Colonel Jackson became 
manager of the Lowell (Mich.) Water and 
Light Company, and in 1897 he accepted a 
similar position with the Peninsular Light 
and Power Company, Grand Rapids, Mich. 
During 1898-99 he was chief engineer and 
superintendent of the New York and 
Staten Island Electric Company and con- 
sulting engineer of the Staten Island Elec- 
tric Railway Company; from 1899 to 1901 
he served as chief engineer and superin- 
tendent of the Colorado Electric Power 
Company, Cripple Creek. Beginning in 
1901, and for 2 years thereafter, he was 
special engineer abroad for the Stanley 
Electric Manufacturing Company, and 
from 1903 until 1918 Colonel Jackson was 
a member of the consulting engineering firm 
of D. C. and William B. Jackson, of New 
York. He served The New York Edison 
Company from 1919 until his retirement 
in 1938. He presented many papers be- 
fore the Institute and was a member of 
several of the technical committees; in 
addition, he served as the Institute’s 
manager from 1912 to 1915 and as a vice- 
president during 1918-19. He was a mem- 
ber of the American Society of Civil Engi- 
neers, Society of American Military Engi- 
neers, and The American Society of Me- 
chanical Engineers. 


ALBERT T. PERKINS (M’25, Life Member) 
consulting tranportation engineer, St. Louis 
(Mo.) Union Trust Company, died Novem- 
ber 22, 1936. Colonel Perkins was born 
October 2, 1865, at Brunswick, Me., and 


News 


received the degree of bachelor of arts at 
Harvard University in 1887; he also re- 
ceived the honorary degree of master of 
arts from Harvard University in 1919. Fol- 
lowing his graduation, he entered the employ 
of the Chicago, Burlington, and Quincy 
Railroad Company, and during the period 
1887-96 held various positions in that com- 
pany. From 1897 to 1902 he was superin- 
tendent of terminals in the St. Louis divi- 
sion of that company, and from 1902 until 
1906 held a similar position in the St. 
Joseph division. In 1906 Colonel Perkins 
became consulting engineer and railroad 
adviser to the St. Louis Union Trust Com- 
pany, and served in that capacity continu- 
ously for 30 years; however, he served at 
the same time as president of the Browns- 
ville and Matamoros Bridge Company; 
Marshall and East Texas Railway Company; 
Chicago, Milwaukee, and Gary Railway 
Company; New Iberia and Northern Rail- 
way Company; Appalachicola Northern 
Railroad Company; and the West Texas 
Abstract and Guarantee Company. In ad- 
dition, he was consulting engineer for the 
Southern Traction Company of Texas and 
manager for the receiver of the United 
Railways Company of St. Louis. Colonel 
Perkins had a brilliant military record dur- 
ing the World War and was awarded the 
Distinguished Service Medal and the 
British Order of St. Michael and St. George. 


THomMas EDWARD PENARD (A’08) as- 
sistant superintendent, station engineering 
department, Edison Electric Illuminating 
Company of Boston, Mass., died October 
27, 1936. Mr. Penard was born May 7, 
1878, at Paramaribo, Dutch Guiana, and 
was graduated in electrical engineering at 
the Massachusetts Institute of Technology in 
1900, following which he was engaged briefly 
as a draftsman for 2 structural companies 
before becoming associated with the Edison 
Electric Illuminating Company of Boston 
in 1901. His first position with that com- 
pany was as a draftsman, but he later be- 
came an electrical engineer, and in that 
capacity was active in the design of the 
company’s electrical systems. He became 
assistant superintendent of the station 
engineering department in 1931. Mr. 
Penard was active in education work, having 
served as instructor and superintendent of 
several evening schools in Boston, and for a 
time was dean of the evening school of 
Northeastern University. He served the 
Institute as a member of the committees 
on industrial and domestic power (now 
general power applications), 1920-21, and 
instruments and measurements, 1927-29. 


ARTHUR JOHN RALPH (A’22, M’31) tech- 
nician in the electrical engineering depart- 
ment of Yale University, New Haven, Conn., 
died February 11, 1936, according to word 
just received at Institute headquarters. 
Mr. Ralph was born February 238, 1861, 
at Berkshire, England, and received his 
electrical training by serving an apprentice- 
ship in the philosophical instrument trade 
in England. He came to the United States 
in 1889 and entered the instrument depart- 
ment of the Schuyler Electric Company, 
Middletown, Conn., in 1890. When the 
General Electric Company absorbed the 
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chuyler Electric Company in 1892, Mr. 
Ralph was placed in charge of the experi- 
nental laboratory of the Middletown works, 
vhere he remained until he accepted a posi- 
ion as superintendent of the New Haven, 
Sonn., plant of The Walker Electric Com- 
any. In 1898 the Walker Electric Com- 
any was absorbed by the Westinghouse 
Ylectric & Manufacturing Company, and 
Mir. Ralph was retained as assistant in the 
letail department of the New Haven plant. 
Te remained in that position until 1900, 
vhen he became factory superintendent of 
he Kidder Motor Vehicle Company, New 
Taven. In 1904 he became head of the 
issembling department of the Connecticut 
Somputing Machine Company, New Haven, 
nd in 1911 a designer of automatic am- 
munition machinery for the Winchester 
Rifle Company. He joined the staff of Yale 
Jniversity as technician in the electrical 
lepartment in 1916. 


CHARLES JOYCE RuSsSELL (A’04, member 
or life) vice-president in charge of rates and 
tandard practice of the Philadelphia (Pa.) 
tlectric Company, died December 8, 1936. 
Mr. Russell was born March 10, 1864, at 
Norway, Me., and attended the Lawrence 
scientific School and Massachusetts Insti- 
ute of Technology. In 1886 he became 
issociated with the Holtzer Cabot Electric 
Sompany, where he did general electrical 
nstallation and storage battery work. 
\fter serving for one year as superintendent 
yf the H. B. Cutter Company, Philadelphia, 
ind a similar period as superintendent of the 
‘lectrical department of the Tacony Iron 
ind Metal Company, Philadelphia, he be- 
ame superintendent of the Manufacturers 
tlectric Company in 1891. In 1899 Mr. 
Russell became superintendent of the com- 
yined Manufacturers and Suburban Elec- 
ric Companies, retaining that position until 
he companies were absorbed by the 
Philadelphia Electric Company in 1904, 
vhen he became district manager. He re- 
ained that position until he was appointed 
vice-president in charge of the commercial 
lepartment in 1925; later he became vice- 
resident in charge of rates and standard 
practice. 


FRANCIS EUGENE DONOHOE (A’06, mem- 
yer for life) special representative, General 
Sable Corporation, New York, N. Y., died 
December 2, 1936. Mr. Donohoe was born 
Yetober 28, 1863, at Lowell, Mass., and 
eceived his education in the public schools 
f Boston, Mass. He started his technical 
areer in the experimental laboratories of 
he American Bell Telephone Company, 
3oston, Mass., and after 3 years of service 
vith that company, joined the Edison Gen- 
ral Electric Company as a salesman in 
889. In 1891 he became associated with 
he Safety Insulated Wire and Cable Com- 
any, New York, N. Y., where he remained 
or 3 years before accepting the position of 
yvestern manager of the American Electrical 
Norks, Chicago, Ill., in 1894. In 1906 Mr. 
Yonohoe was appointed eastern sales 
nanager of the same company, and was 
ransferred to New York, N. Y., where in 
913 he became sales manager of the 
Jational Conduit and Cable Company. 
n 1925 he returned to the employ of the 
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Safety Insulated Cable and Wire Company 
as special agent, and when that company 
was merged with another to form the 
General Cable Corporation, Mr. Donohoe 
was retained in the same capacity in the 
new company. 


Davip Henry Kerry (A’17) district 
manager, Allis-Chalmers Manufacturing 
Company, Philadelphia, Pa., died Decem- 
ber 7, 1936. Mr. Kelly was born at Steuben- 
ville, Ohio, July 2, 1883, and attended the 
University of Illinois, where he was gradu- 
ated with the degree of electrical engineer 
in 1904. After a brief period of employment 
with the El Paso Smelting and Refining 
Company, he entered the employ of the 
Bullock Electric Manufacturing, Company, 
Norwood, Ohio, at about the time that com- 
pany became a part of the Allis-Chalmers 
Company. Mr. Kelly served as sales engi- 
neer in that company’s Cincinnati (Ohio), 
Philadelphia (Pa.), and Washington (D. C.) 
offices, and at the conclusion of his service 
in the World War was transferred to the New 
York, N. Y., offices. He had been manager 
of the Philadelphia offices since 1920. He 
was active in local Institute affairs, and was 
chairman of the Philadelphia Section dur- 
ing 1930-81. 


LesTER RoBiEy SAILER (A’31, M’36) 
instructor in electrical engineering, Colum- 
bia University, New York, N. Y., died 
December 138, 1936. Mr. Sailer was born 
July 14, 1906, at New York, N. Y., and 
received the degrees of bachelor of arts 
(1929), bachelor of science in electrical 
engineering (1930), and electrical engineer 
(1935) at Columbia University. Following 
his graduation in electrical engineering, he 
was appointed an instructor in electrical 
engineering, at Columbia University, and 
was retained in that position continuously; 
he also served as an assistant in physics for 
the 3 scholastic years during 1927-80. In 
addition to his regular teaching duties, Mr. 
Sailer undertook consulting engineering 
assignments from several commercial or- 
ganizations in New York, N. Y., and from 
Columbia University. He was a member 
of the Society for the Promotion of Engi- 
neering Education. 


CHARLES V. Woopwarp (A’24) manager 
of the Baltimore, Md., offices of the West- 
inghouse Electric & Manufacturing Com- 
pany, died November 19, 19386. Mr. Wood- 
ward was born July 23, 1878, and received 
his formal technical education at Pennsyl- 
vania State College. Upon completion of 
his studies he entered the employ of the 
Westinghouse Electric & Manufacturing 
Company at the East Pittsburgh, Pa., 
works in 1906, but was transferred in 1909 
to the Philadelphia, Pa., offices, where he 
specialized in transportation and power 
engineering. He was identified with the 
development of several light traction com- 
panies in the state of Pennsylvania. In 
1923 Mr. Woodward was transferred to the 
Baltimore offices of the Westinghouse 
company in the capacity of manager, which 
position he retained continuously for 13 
years. 


News 


ALBERT GEORGE THOMAS GOODWIN 
(A’20) chief electrical engineer, The Broken 
Hill Proprietary Co., Limited, Newcastle, 
N. S. W., Australia, died November 12, 
1936. Mr. Goodwin was born July 6, 1893, 
at Melbourne, Vic., Australia, and received 
his technical education at Working Men’s 
College (Australia). In 1910 he was ap- 
prenticed to the Melbourne Electric Supply 
Company, and after having served in the 
field positions of shift engineer and tech- 
nical assistant, was made a station superin- 
tendent. In 1917 Mr. Goodwin was em- 
ployed by The Broken Hill Associated 
Smelters, as assistant to the power plant 
erecting engineer, and in the following year 
was made power plant engineer in charge 
of plant. Later he was transferred to the 
iron’and steel works of The Broken Hill 
Proprietary Co., Limited, and eventually 
became chief electrical engineer. 


Louis FERDINAND REINHARD (A’10, 
M’13, F’20) sales engineer, Geuder, 
Paeschke & Frey Co., Milwaukee, Wis., 
died in June 1936, according to word just 
received at Institute headquarters. Mr. 
Reinhard was born at Milwaukee, October 1, 
1884, and was graduated in electrical engi- 
neering from the University of Wisconsin in 
1907. Immediately following his gradua- 
tion, he entered the engineering department * 
of the Mechanical Appliance Company, 
Milwaukee, and was appointed chief engi- 
neer of that company in 1909. He remained 
in that position until 1920, when he ac- 
cepted a position as engineer with Geuder, 
Paeschke & Frey Co. Later Mr. Reinhard 
was made a sales engineer, and eventually 
became sales manager in the contract stamp- 
ing division of that company. 


FRANCIS RAYMOND WELLES (A’87, mem- 
ber for life) retired, Altadena, Calif., died 
December 14, 1936, at Vernet-les-Bains, 
France. Mr. Welles was born at Athens, 
Pa., in 1854, and was graduated from the 
University of Rochester in 1875 with the 
degree of bachelor of arts. During the 5 
years following his graduation, he was as- 
sociated in business with E. M. Barton 
(A’87) founder of the Western Electric 
Company, and in 1880 left the United 
States to establish factory branches of that 
company in foreign lands. In 1882 he 
formed the first branch at Antwerp, Bel- 
gium, where the first multiple telephone 
switchboard used in Europe was manu- 
factured. Mr. Wells served as manager of 
that branch until he retired in 1918. 


JOHN JENKINSON (A’22) superintendent 
of the meter department of the British 
Columbia Electric Railway Company, Ltd., 
Vancouver, died October 14, 1936, according 
to information received at Institute head- 
quarters. Mr. Jenkinson was born April 
20, 1870, at Askan, Lancashire, England, 
and received his formal education in that 
country. In 1898 he went to Canada and 
accepted a position with the British Colum- 
bia Electric Railway Company, Ltd., where 
he remained continuously for 38 years. He 
was in complete charge of the meter depart- 
ment of that company from the time of its 
establishment. 
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NWhewaleralaie 


Recommended 
for Transfer 


The board of examiners, at its meeting on 
January 20, 1937, recommended the following 
members for transfer to the grade of membership 
indicated. Any objection to these transfers should 
be, filed at once with the national secretary. 


To Grade of Member 


Aiken, E. H., supervisor of division of operations, 
District 5, Works Progress Administration, 
San Bernardino, Calif. 

Davis, F. E., engineer, Commonwealth and 
Southern Corporation, Jackson, Mich. - 
Greenfield, E. W., cable research engineer, Ana- 
conda Wire and Cable Company, Hastings-on- 

Hudson, N. Y. 

Hall, Sherman M., assistant manager, statistical 
bureau, Consolidated Edison Company, New 
York, N. Y. 

Hase, R. C., transmission engineer, Southwestern 
Bell Telephone Company, St. Louis, Mo. 
Isenberg, H. D., vice-president, Federal Insulation 

Company, Chicago, Ill. 

Karsten, E. J., electrical engineer, United Light 
and Power Engineering and Construction 
Company, Kansas City, Mo. 

Langdell, J. C., engineer, Commonwealth and 
Southern Corporation, Jackson, Mich. 

Leslie, J. O., operating electrical engineer, E. M. 
Gilbert Engineering Corporation, Reading, Pa. 

Likel, H. C., chief engineer, Pacent Engineering 
Corporation, New York, N. Y. 

MacGillivray, A. L., telephone engineer, Western 
Electric Company, New York, N. Y. 

McDowell, L. G., assistant engineer, New York 
and Queens Electric Light and Power Com- 
pany, Flushing, N. Y. 

Petit, F. W., assistant engineer, Brooklyn Edison 
Company, Inc., Brooklyn, N. Y 

Platt, C. J., Jr., superintendent, service inspection 
bureau, New York Edison Company, Inc., 
New York, IN 

Siskind, R. ee assistant professor of electrical 
engineering, Harvard University, Cambridge, 
Mass. 

Smith, W. A., consulting engineer, Jacksonville, 
Fla. 

Sommerman, G. M. L., research engineer, American 
Steel and Wire Company, Worcester, Mass, 
Underhill, J. E., assistant engineer, British Colum- 
bia os Railway Company, Vancouver, 

B. C., Canada. 

Van Ficki2, R. C., engineer, switchgear eacincéring 
department, Westinghouse Electric & Manu- 
facturing Company, East Pittsburgh, Pa. 


19 to Grade of Member 


Applications 


for Election 


Applications have been received at headquarters 
from the following candidates for election to mem- 
bership in the Institute. If the applicant has ap- 
plied for direct admission to a grade higher than 
Associate, the grade follows immediately after the 
name. Any member objecting to the election of 
any of these candidates should so inform the na- 
tional secretary before February 28, 1937, or April 
30, 1937, if the applicant resides outside of the 
United States or Canada. 


Abbott, E. G., General Electric Company, Chicago, 
Ill. 


Andersen, J. R. (Member), New York and Queens 
Electric Light and Power Company, Flushing, 
Y 


NOY; 

Anderson, H. C., Oregon State Highway Commis- 
sion, Salem, Ore. 

Anderson, N. E., Homestake Mining Company, 
Lead, S. D. 
Angevine, O. L. Jr., Stromberg-Carlson Telephone 
Manufacturing ‘Company, Rochester, N. Y. 
Ashe, F. C. (Member), Carnegie Institute of Tech- 
nology, Pittsburgh, Pa. 

Atwood, E. M., Washington Water Power Com- 
pany, Troy, Idaho 

Bacon, F. S., , Westinghouse Electric & Manu- 
facturing Conipany, East Pittsburgh, Pa. 

Baranovsky, C., J. R. Longstaffe, Ltd., Toronto, 
Ont., Canada 

Barrows, W. M., Public Service Electric and Gas 
Company, Hackensack, aS eal 

Bennett, R. , General Electric Co., Schenectady, 
N 


Bernhard, G. K., Ohio Power Company, Canton, 
(O} 

Bissiri, A. Jr., 2409 Silver Lake Drive, Los Angeles, 
Calif. 

Blaese, A. C., Porcelain Products, Inc., Chicago, 
Ill 


Boast, W. B., Iowa State College, Ames, Iowa, 
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Bobs, <. P. (Member), 1530 Olive Street, St. Louis, 


oO. 

Boehmer, F. D., Louis Allis Company, Milwaukee, 
Wis. 

Bosworth, P. N., General Electric Company, Sche- 
nectady, N. Y. 

Bower, G. L., Crane Company, Chicago, III. 

Brandenburger, L., Wagner Electric Corporation, 
Salt Lake City, Utah. 

Brigham, F. W., Washington Pulp and Paper Com- 
pany, Port Angeles, Wash. 

Bromley, J. E., Public Service Commission, New 
York, N. Y. 

Brown, C. A., Southern California Telephone Com~ 
pany, Los Angeles, Calif. 


Brown, S. S., Brown Brockmeyer Company, 
Dayton, O. 

Bullock, E. S., Federal Power Commission, Atlanta, 
Ga. 


Capy, P. L., 725 Paulus Street, Dallas, Texas. 

Carlson, A. B., Southern New England Telephone 
Company, New Haven, Conn. 

Carlson, H., Associated Press, New York, N. Y. 

Casiano, L. J., Carnegie Illinois Steel Corporation, 
Youngstown, O. 

Clasgens, A. E., New York State Electric and Gas 
Corporation, Brewster, N. Y. 

Clifford, L. V., General Electric Company, Phila- 
delphia, Pa. 

Collings, L. W. Jr., General Electric Company, 
Schenectady, N. Y 

Coons, T., Potomac Electric Power Company, 
Washington, 1D), (@ 

Crates, R. R., Memphis Light and Water Commis- 
sion, Tenn. 

Craven, W. D., New York and Queens Electric 
Light and Power Company, Flushing, N. Y. 

Croden, W. T., Metropolitan Water District, 
Banning, Calif. 


Cutler, L. B., Armstrong Cork Products, Boston, 
Mass. 
Davies, M. (Member), Langley Manufacturing 


Company, Ltd., Vancouver, B. C., Canada 

Davis, E. W. (Member), 1478 Municipal Build- 
ing, New York, N. Y. 

Davis, M. F., Young Men’s Christian Association, 
Zanesville, O. 

Davis, P. C., Donnelly Electric and Neon Com- 
pany, Boston, Mass. 

de Anda, E., El Paso Electric Company, El Paso, 
Texas 

Decker, H. D., Consolidated Edison Company, 
New York, N. Y. 

Dillon, D. A., Century Electric Co., St. Louis, Mo. 

Dorey, F. M., General Electric Company, Schenec- 
tady, N. Y. 

Dumser, W. T., International Business Machines 
Corp., Chicago, II. 

Durst, N. J., Cincinnati and Suburban Bell Tele- 
phone Company, Ohio. 

Ellis, E. A., Boston and Maine Railroad, Billerica, 


Mass. 
Busery, Nie L., University of Utah, Salt Lake City, 

tah, 
Esval, O. E., Sperry Gyroscope Company, Inc., 


Brooklyn, N. Y. 

Evans, A. J., Public Service Commission, New 
York, N Y. 

Evans, L. M., Worthington Pump and Machinery 
Corporation, Buffalo, N. Y. 

Everest, F. A., Oregon State College, Corvallis. 

Eysenbach, H. A., Crouse-Hinds Company, Syra- 
cuse, N. Y. 

Fein, H., Belyea Company, Inc., New York, N. Y. 

Ferrell, iT. , Brooklyn Edison Company, Brooklyn, 


Finley, A. R., Reliance Electric and Engineering 
Company, Cleveland, Ohio, 

Fisher, R. L., Emerson Electrical Manufacturing 
Company, St. Louis, Mo. 

Forsyth, W. Florida City, Fla. 

Fowles, G. ip Anaconda Wire and Cable Company, 
Pawtucket, R. I. 

Fox, E. L., 715 Sanford Street, Peoria, II, 

Fraser, J. D., Jersey Central Power and Light 
Company, Allenhurst, N. J. 

Frieseke, A. H., Southern Line Material Company, 
Birmingham, Ala. 

Frith, J. M., American Telephone and Telegraph 
Company, New York, N. Y. 

Fuller, J. L., Reliance Electric and Engineering 
Company, Cleveland, O. 

Gago, F. J., University of Florida, Gainesville, Fla. 

Gallagher, F, W., Franklin Institute, Philadelphia, Pa, 

Ganzar, J. A., Carnegie Illinois Steel Corporation, 
Gary, Ind. 

Gaynor, A. M., I. Gaynor, Inc., New York, N. Y. 

Getting, M. Jr., Allis-Chalmers Manufacturing 
Company, Pittsburgh, Pa. 

Gissel, E. A., Central Arizona Light and Power 
Company, Phoenix, Ariz. 

Glas, F. J., New York ‘and Queens Electric Light 
and Power Company , Flushing, N. Y. 

Gordy, T. D., General Electric Company, Pittsfield, 
Mass. 

Gosney, W. A., Trumbull Electrical Manufacturing 
Company, Ludlow, Ky. 

Greentree, C. D., General 


Electric Company, 
Schenectady, N. Y. 


News 


Griesinger, F. D., Buffalo General Electric Com. 
pany, Buffalo, NAY: 

Hamilton, J. P., Tennessee Valley Authority, Wilso 
Dam, Ala. 

Hamilton, R. A., University of British Columbii 
Vancouver, Canada. 

Hansen, A. Jr., General Electric Company, “a 
nectady, N. Y. 

Harris, & S., Federal Telegraph Company, Newark 
N. 

Hemmerich) F. J., New York and eee ned 
Light and Power Company, Flushing, N. Y. 

Hepler, M. M., Textile Machine Works, eT ee 

Hertel, R. F., ‘General Electric Company, Schene 
tady, N : ava 

Higbee, C. W. (Member), Uni ed States Rubb 
Company, New York, N. 

Hillman, E. C., 815 Crotona ODEEE North, Ne 


York, N.Y. 
Hine, C. R., Pennsylvania Railroad, Wilmingto: 
Del. 


Houle, A. U., University of Toronto, Ont., Can. 

Howell, Die Cc), Public Service Electric and Gas Co 
pany, Irvington, N. J. 

Hufford, G. V., Century Electric Company, S$ 
Louis, Mo. 
Hughes, BE. T., Westinghouse Electric and Manu 
facturing Company, East Pittsburgh, Pa. 
Hunt, F. B., Green Mountain Power Corporation 
Wells River, Vermont 

Hunt, R. McP., General Electric Company, Seng 
nectady, N.Y. 

Hutchcraft, H. W., Tennessee Valley autho 
Wilson Dam, Ala. 

Imle, H. R., Carter Oil Company, Tulsa, Okla. 

Johnson, Ae Ss Iowa State College, Ames. 

Johnson, S. Dy General Electric Company, Oak. 
land, Calif. 

Jones, J. N., Westinghouse Electric and Manufac- 
turing Company, East Pittsburgh, Pa. 

Kaup, J. A., Doble Engineering Company, Med. 
ford Hillside, Mass. 

Kelly, C. M. ie Guided Radio Corporation, Ne 
York, N. Y. 

Kennedy, L. F., “General Electric Company, Phila 
delphia, Pa. 

King, H. W., New York (N. Y.) Edison Company 
In 


Kirby, R. N., Deming Ice and Electric Compe 
Deming, N. M. 

Kirkpatrick, P. E., Montreal Engineering com 
pany, Ltd., Regina, Sask., Canada. 

Kyle, W. D. jr., Milwaukee, Wisconsin Electric 
Railway and Light Company. 

Lank, W. J., Potomac Electric Power Company, 
Washington, Dac ‘ 

Larson, S. R., Jackson and Moreland, Bost 
Mass. 

Lear, T. J., New York and Queens Electric Light 
and Power Company, Long Island City, N. Y. 

a S. L., Transducer Corporation, New York, 


Levine, x. J., Westinghouse Electric and Manu- 
facturing Company, East Pittsburgh, Pa. 
Lightfoot, T. C. (Member), General Electric Com- 
pany, Philadelphia, Pa. 

Lillybridge, C. R., U. S. Bureau of Reclamation, 
Boulder City, Nevada. 

Lockett, H. E., General Electric Company, Phila- 
delphia, Pa. 

Logan, J. E., Jersey Central Power and Light Com- 
pany, Allenhurst, N. J 

MacCutcheon, R. H., Western Reserve Univer- 
sity Law School, Cleveland, O. 

Marsh, R. H., Southern California Edison Com- 
pany, Ltd., Los Angeles, Calif. 

Martens, J. J., New York and Queens Electric 
Light and Power Company, Jamaica, N. Y. 

Mie teoa D. L., Jr., 101 Fifth Avenue, New York, 


Matthew, M. P., General Electric Company, 
Schenectady, N. Y. 

Mauritz, F. E., General Electric Company, Sche- 
nectady, N. Y. 

Maxwell, A. (Fellow), Edison Electric Institute, 
New York, N. Y. 

McGee, H. M., Pennsylvania Power and Light 

» Company, Sunbury, Pa. 
McLean, L. V., 


Louisiana State University, Baton 
Rouge. 
McNamara, C., Commonwealth Edison Company, 
Chicago, Ill. 
Meehan, J. M. Jr., 12-14 West 37th Street, New 
York, ING 
Meudell, HACE Jr., General Electric Company, 


Schenectady, ING 

Miller, E. F., American Telep leone and Telegraph 
Company, New York, N 

Misenheimer, H. N. Ceiba Bell Telephone 
Laboratories, Inc., New York, 

are AVR, 38 Hammond Street, ‘Cambridge, 

ass. 

Montgomery, W. D., Cincinnati and Suburban 
Bell Telephone Company, Norwood, O. 

Moon, A. W., New York State Transit Commission, 
New York, N. Y. 

Moore, P., Hancock Brothers, San Francisco, Calif. 

Muller, H. N. Jr., Westinghouse Electric & Manu- 
facturing Company, East Pittsburgh, Pa. 

Mundt, O. T., Montana Dakota Utilities Company, 
Williston, N. D. 

Nason, H. E., Westinghouse Electric & Manufac- 
turing Company, Chicago, Ill. 

Nicholson, J. R., General Electric Company, Sche- 
nectady, N. Xe 

Norton, V. E., General Controls Company, Minne- 
apolis, Minn. 

Oldfield, R. T. ergo Public Service Commis- 
sion, New York, N. 
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sborn, R. M., Allis-Chalmers Manufacturing 
Company, Milwaukee, Wis. 

senbaugh, C. L., Light and Water Division, City 
of Memphis, Tenn. 

ence, C. L., Curtis Lighting, Inc., New York, 


almer, L. T., Burns and McDonnell Engineering 
Company, Kansas City, Mo. 

arrott, J. A. (Member), American Telephone and 
Telegraph Company, New York, N. Y. 

artington, R. M., General Electric Company, 
Pittsfield, Mass. 

pak, J. Sarvas Electric Company, Brooklyn, 


ipes, L. A., Rice Institute, Houston, Texas. 

oey, C. D. (Member), New York and Queens 
Electric Light and Power Company, Long 
Island City, N. Y. 

ollyea, M. H., C. J. Tagliabue Manufacturing 
Company, Brooklyn, N. Y. 

ope, R., Beli Telephone Laboratories, Inc., New 
ork, N.Y: 

ugh, H. C., Cast Iron Pipe Company, Birming- 
ham, Ala. 

atliff, A. H., Oklahoma Gas and Electric Com- 
pany, Shawnee, Okla. 

azovsky, A. M., Laclede Gas Light Company, 
St. Louis, Mo. 

oo as National Park Service, Washington, 


-hodes, W. E., Stone and Webster Engineering 
Company, Richmond, Va. 
owe, I., 652 Lafayette Avenue, Brooklyn, N. Y. 
oe H., 710 South 8rd Street, Milwaukee, 
is. 
oehmann, L. F. (Member), 310 West 113th Street, 
New York, N. Y. 
-ogers, E. T., Bishop Wire and Cable Corporation, 
New York, N. Y. 
‘utledge, G. A., Allis-Chalmers Manufacturing, 
Company, Pittsburgh, Pa. 
anders, J. W., Long Island Lighting Company, 
Roslyn Heights, N. Y. 
Estise°, F., Aldrich Pump Company, Allentown, 
a, 


chroedel, H. E., Chicago, Milwaukee, St. Paul, and 
Pacific Railroad, Milwaukee, Wis. 

immons, H., Georgia Power Company, Atlanta. 

itkin, A., Century Lighting Equipment, Inc., 
New York, N. Y. 

koog, A. W., Kingsbury Machine Tool Corpora- 
tion, Keene, N. H. 

lusser, J. A., National Broadcasting Company, 
Inc., Denver, Colo. 

mith, P. D., Cansfield Electrical Works, Toronto, 
Ont., Canada. 

okasits, F. M., Gibbs and Hill, New York, N. Y. 

parrow, K. M., Westinghouse Electric & Manu- 
facturing Company, East Pittsburgh, Pa. 

tafford, A. B., Westinghouse Electric & Manu- 
facturing Company, East Pittsburgh, Pa. 

teinmetz, C. L., General Controls Company, 
Minneapolis, Minn. 

tratford, J. P., 821 North Normandie Avenue, 
Los Angeles, Calif. 

ukava, L., Reno Gold Mines, Ltd., Salmo, B. C., 
Canada. 

wanson, M. C. W., American Locomotive Com- 
pany, Schenectady, N. Y. 

‘aborelli, R. V., 512 14thStreet, Union City, N. J. 

‘aylor, O. L., Arrow-Hart and Hegeman Electric 
Company, Hartford, Conn. 

‘yvand, J. A. (Member), Iowa Farm Bureau 
Federation, Des Moines, Iowa. 

[pham, N. C., General Electric Company, Lynn, 
Mass. 

‘an Winkle, E. W., Best Manufacturing Company, 
Inc., Irvington, N. J. 

on Roeschlaub, F., General Electric Company, 
Schenectady, N. Y. 

Vagner, E., 6235 West Roosevelt Road, Berwyn, 
Til 


Valter, J. H., Milwaukee (Wis.) Electric Railway 
and Light Company. 

Vatkins, D. L., American Steel and Wire Company, 
Worcester, Mass. 

Jay, K. J., Bell Telephone Laboratories, Inc., 
New York, N. Y. 

Jells, F. B., Stone and Webster Engineering Cor- 
poration, Richmond, Va. 

Jells, R. M., New York and Queens Electric Light 
and Power Company, Flushing, N. Y. 

Jest, F. L., Niagara, Lockport, and Ontario 
Power Company, Buffalo, N. Y. 

Jhite, J. C., Air Reduction Sales Company, Corn- 


ing, N. Y. 

Jilcox, H. L. (Member), Electric Controller and 
Manufacturing Company, Cleveland, O. 

Jilke, E. A., 6025 Melrose Avenue, Chicago, Ill. 

lilliams, S. B. (Member), Electrical World, New 
York, N. Y. : 

Jinkelman, H. T., Jr., City of Memphis (Tenn.), 
Water and Light Division. 

Juerch, L. W., City of Tacoma, (Wash.), Public 
Utilities. 

Jopat, R. M., Iowa Continental Telephone Com- 
pany and Interior Telephone Company, Grin- 
nell, Iowa. : 

lyckoff, P. H., California Institute of Technology, 
Pasadena. 

immer, C. S., Bussmann Manufacturing Co., 
St. Louis, Mo. 

5 Domestic 

reign 

edil, S. D., Public Works Department, Elec- 
tricity Branch, Lahore, India. : 

hat, V. D., 50 New Street Vepery, Madras, India, 

ordero, C. L., Puerto Rico Reconstruction Ad- 
ministration, Guayama, 
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Desai, N. N., c/o AEG India Electric Company, 
Ltd., Bombay, India. 

Fukushima, K., Shibaura Engineering Works, Ltd., 
Yokohama, Japan. 

Jadeja, K. R. (Member), Nawanagar State Power 
House, Jamnagar, India 

Kumar, C. R., Electrical Supply Companies, 
Ltd., Cuttack, India 

Meneghelli, H. A., 4 Calle Oriente number 38, 

_ San Salvador, El Salvador, 

Miyamoto, c/o S., Shibaura Engineering Works, 
Yokohama, Japan. 

Murray, H. H. Jr., Compafiia Eléctrica de Santo 
Pemingo, Ciudad Trujillo, Dominican Repub- 


ic. 

Napper, R. E. (Member), Booker Brothers, Mc- 
Connell and Company, Ltd., Georgetown, 
British Guiana. 

Suryabandara, A. V., Government Electrical Under- 
takings, Colombo, Ceylon. 


12 Foreign 


Addresses 
‘ Wanted 


A list of members whose mail has been returned 
by the postal authorities is given below, with the 
addresses as they now appear on the Institute 
record. Any member knowing of corrections to 
these addresses will kindly communicate them at 
once to the office of the secretary at 33 West 39th 
St., New York, N. Y. 


Burns, Arthur E., 1958 E. 29th St., Brooklyn, N. Y. 

Eiler, E. E., 101 Brookline Court, Upper Darby, Pa. 

Godoy, Ernesto R., Cia. Tel. y Tel. Mex., 16 de 
Septiembri No. 13, Mexico, D. F., Mex. 

Jones, Harry Kenneth, 5511 Kenmore Ave., 
Chicago, II. 

Ron Stanley, 11 Howe Ave., New Rochelle, 


Little, Leroy C., 3414—17th St., N., Cherrydale, 
a 


Ludwig, Leon R., 434 Burling Road, Forest Hills, 
Pittsburgh, Pa. 

Millheisler, Charles A., 1417 Catalpa Ave., Chi- 
cago, Ill. 

Miyota, Nath S., 9161/2 Howell St., Seattle, Wash. 

See git het? 821 Sunset Blvd., Los Angeles, 

alif. 

Peach, Paul S., Upperville, Va. 

Pollastro, John B., Helper, Utah. 

Sawyer, Fred E., 811 E. Wisconsin Ave., Milwau- 
kee, Wis. 

Wong, Harry Y. L., 771 Broadway, West New 
York, N. J. 
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Engineering 
iioratare 


New Books 
in the Societies Library 


Among the new books received at the Engi- 
neering Societies Library, New York, recently, 
are the following which have been selected be- 
cause of their possible interest to the electrical 
engineer. Unless otherwise specified, books listed 
have been presented gratis by the publishers. The 
Institute assumes no responsibility for statements 
made in the following outlines, information for 
which is taken from the preface of the book in 
question. 


ELECTRICAL ENGINEERING in RADIOL- 
OGY. By L. G. H. Sarsfield and V. E. Pullin. 
Pittsburgh, Instruments Publishing Co., 1936. 
284 p., illus, 9x6 in., cloth, $6.00. Deals ex- 
clusively with the electrical engineering aspects of 
X-ray equipment for engineers not familiar with 
the work. 


CONTROL of ELECTRIC MOTORS. By 
P. B. Harwood. N. Y., John Wiley and Sons, 
1936. 390 p., illus., 9x6 in., lea., $4.50. De- 
scribes the characteristics of various types of motors 
and explains how they are used for purposes of con- 
trol. Discusses the design, construction, and oper- 
ating characteristics of controllers. 


PHYSICAL CONSTANTS of PURE METALS. 
Ed. by National Physical Laboratory. Lond., His 
Majesty’s Stationery Office, 1936. 27 p., tables, 
10x6 in., paper, 6d. (obtainable from British 
Library of Information, New York, $0.20.) Pre- 
sents results prepared by the National Physical 
Laboratory. 


News 


Engineering Societies Library 
99 West 39th Street, New York, N. Y. 


AINTAINED as a public reference library 

of engineering and the allied sciences, this 
library is a co-operative activity of the national 
societies of civil, electrical, mechanical, and min- 
ing engineers. 

Resources of the library are available also 
to those unable to visit it in person. Lists of 
references, copies or translation of articles, 
and similar assistance may be obtained upon 
written application, subject only to charges suffi- 
cient to cover the cost of the work required. 

A collection of modern technical books is 
available to any member residing in North Amer- 
ica at a rental rate of five cents per day per 
volume, plus transportation charges. 

Many other services are obtainable and an 
inquiry to the director of the library will bring 
information concerning them. 


NATURE of PHYSICAL THEORY. ByP. W. 
Bridgman. Princeton (N. J.) University Press, 
1936. 138 p., 9x6 in., cloth, $2.00. Presents a 
critical analysis of the points of view and methods 
in trying to understand the simpler aspects taken 
to be within the domain of physics. 


TELEVISION RECEPTION, Construction and 
Operation of a Cathode Ray Tube Receiver for the 
Reception of Ultra-Short Wave Television Broad- 
casting. By M. von Ardenne, translated by O. S. 
Puckle. Lond., Chapman and Hall, 1936. 121 p., 
illus., 9x6 in., cloth, 10s. 6d. Intended to stimu- 
late the interest of amateurs in experimentation 
with television. 


TELECOMMUNICATIONS, Economics and 
Regulation. By J. M. Herring and G. C. Gross. 
N. Y. and Lond., McGraw-Hill Book Company, 
1936. 544 p., illus., 9x6 in., cloth, $500. Deals 
with the economic and public service aspects of the 
telegraph and telephone industries. Presents the 
background of development of these industries, 
deals with the sources of revenue and the factors 
affecting costs and rate structures. Includes a 
eeu analysis of the Communications Act of 
934. 


ORGANIZATION and MANAGEMENT in 
Industry and Business. By W.B. Cornell. N.Y., 
Ronald Press Company, 1936. 802 p., illus., 
8x5 in., cloth, $4.50. Aims to provide a course 
of training in the organization, management, and 
operation of every department of a business con- 
cern. 


OLD WIRES and NEW WAVES, the History of 
the Telegraph, Telephone, and Wireless. By A. F. 
Harlow. . Y. and Lond., D. Appleton-Century 
Company, 1936. 548 p., illus., 9x6 in., cloth, 
$5.00. A popular history of the origins and de- 
velopment of the telegraph and telephone systems 
of Americs. The human side of the story is empha- 
sized. 


LESSONS and PROBLEMS in ELEC- 
TRICITY. By N. C. Page. N. Y., Macmillan 
Company, 1936. 356 p., illus., 9x6 in., cloth, 
$2.75. Based upon a course in the fundamentals of 
electricity which has been given to sophomore 
students at Massachusetts Institute of Technology. 
Planned for students with some training in me- 
chanics and calculus. 


HANDBOOK of CHEMISTRY and PHYSICS, 
21 ed. Cleveland, Ohio, Chemical Rubber Pub- 
lishing Company, 1936. 2023 p., 7x4 in., lea., 
$6.00. The latest annual edition of a well-known 
reference book. 


ELECTRICITY: For Use or for Profit. 
Ostrolenk. N. Y. and Lond., Harper Brothers, 
1936. 211 p., tables, 8x5 in., cloth, $2.00. Dis- 
cusses one aspect of the power problem: the influ- 
ence of private utility companies on the standard of 


By B. 


living. Considers the social and economic signifi- 
cance of present rate policies. 

AUTOMATIC VOLUME CONTROL. ed. and 
published by J. F. Rider, N. Y., 1936. 94 p., 


illus., 8x5 in., cardboard, $0.60. Affords a des- 
cription of the general principles of automatic 
volume control in radio receivers and of their use in 
current commercial sets. 


ELECTRICAL ENGINEERS’ HANDBOOK, 
2 volumes (Wiley Engineering Handbook Series, 
volumes 4 and 5) ed. by H. Pender, W. A. Del 
Mar and K, MelIlwain. 3 ed. N. Y. and Lond., 
John Wiley and Sons, 1936. illus., 9x5 in., lea. 
(volume 1, $6.00; volume 2, $5.00). A new edition 
in 2 volumes; one on power, the other on communi- 
cations, which may be purchased separately. 
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Ee uatecal Notes 


General Electric Report for 1936.—Orders 
received by General Electric Co. during the 
year 1936 amounted to $296,748,219, com- 
pared with $217,361,587 during 1935, an 
increase of 87 per cent. Orders for the 
quarter ended December 31 amounted to 
$84,857,181, compared with $58,417,822 for 
the last quarter of 1935, an increase of 
45 per cent. 


Reward for ‘Lost’? Meter Socket.—A re- 
ward of $50.00 has been offered by the 
Westinghouse Elec. & Mfg. Co., for the 
return of the two-millionth type S meter 
socket. It is properly marked and identi- 
fied as the two-millionth socket. The 
finder will be rewarded upon return of the 
socket to the company at Newark, N. J. 


New Cable Accessory.—To meet a wide- 
spread demand for a simple and effective 
device for interconnecting single conductor 
secondary insulated cables in manholes and 
vaults, the G & W Electric Specialty Co., 
Chicago, has developed the ‘‘Multitap”’ 
which eliminates the use of tape and solder. 
This splicing device is suitable for cables 
with or without lead sheath. The copper 
bus is covered with molded G & W 
“Resistoyl’”’ oil and moisture resistant 
rubber compound. The connectors and 
cable ends are covered with a molded 
Bakelite insulator sealed at the ends by 
means of a Resistoyl bushing compressed 
on the cable with a gland nut. Cable heads 
are interchangeable and made for all con- 
ductor sizes up to 500 mem. A wrench is 
the only tool required for installation. 


General Electric Expands in Texas.—A 
3-story, concrete and brick addition to the 
General Electric building at Dallas is under 
construction, adjoining the present office 
and warehouse building and will provide all 
departments of the company with per- 
manent headquarters in Dallas. It is ex- 
pected construction will be completed 
about June 1. The annex will front 80 ft 
on Lamar Street and extend 174 ft on 
Corbin Street. A new $200,000 building 
in Houston, located on the block recently 
purchased by the company, bounded by 
Polk, St. Charles, Clay, and Live Oak 
Streets, is being erected. The building, 
of brick and steel construction, will be 2 
stories in height and will be used to house 
the offices, warehouses, and service shops 
of the General Electric Co., the General 
Electric Supply Corp., and the General 
Electric X-Ray Corp. 


Factory Built Switchgear Units.—A stand- 
ard line of factory-built, metal enclosed 
switchgear, for shipment as a complete 
assembly, has been announced by the 
Westinghouse Elec. & Mfg. Co. Suitable 
for small industrial installations or auxiliary 
circuits in steam power stations, the units 
are factory assembled and tested so that 
cross connections do not have to be made 
in the field. This metal enclosed switch- 
gear consists of cubicles in which are 
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mounted circuit breakers, buses, discon- 
necting switches, instrument transformers 
and similar auxiliaries. On the front panels, 
which are hinged, are mounted required 
relay and meter equipment. 


New Electric Flow Meters.—The Bristol 
Co., Waterbury, Conn., announces the 
addition of a complete line of electric flow 
meters for steam, liquids, and gases to its 
line of mechanical flow meters. These flow 
meters operate on the Bristol Metameter 
principle of telemetering, which the com- 
pany has used for several years in instru- 
ments to transmit readings of pressure, 
liquid level, temperature, and motion from 
the point of measurement to a distant point 
where they are recorded or indicated on a 
dial. 
nished for recording, integrating, and indi- 
cating flow. The readings are transmitted 
over a simple 2-wire circuit, telephone 
circuits included, which does not enter into 
the calibration of the instruments. 


Condit Now Allis-Chalmers Unit.—The 
Allis-Chalmers Mfg. Co., Milwaukee, an- 
nounces that its subsidiary company, 
Condit Electrical Mfg. Corp., of Boston, is 
now operating as a company unit and 
known as Allis-Chalmers Mfg. Co.—Condit 
Works. It will continue to specialize in 
the manufacture of switchgear products as 
a division of the electrical department under 
R. S. Fleshiem, manager. The personnel, 
with headquarters at Hyde Park, will be as 
follows: George A. Burnham, assistant 
manager of the electrical department in 
charge of sales and engineering of the 
switchgear division; W. S. Edsall, manager 
of sales, switchgear division; and H. V. 
Nye, engineer in charge of the switchgear 
division, with headquarters at Milwaukee. 
Frank W. Young is works manager. 


Teade Listecatore 


Motors.—Bulletin 2-1, 8 pp. Describes 
single phase motors, repulsion start induc- 
tion, brush lifting, 1/s; to 40 horsepower. 
Century Electric Co., 1806 Pine St., St. 
Louis, Mo. 


Connectors.—The ‘‘Burndy News,” 16 pp., 
in the form of a tabloid newspaper, pro- 
fusely illustrated, describes numerous appli- 
cations of various forms of electrical con- 
nectors. Burndy Engineering Co., Inc., 
459 East 133rd St., New York City. 


Network Equipment.—Bulletin 1184, 8 pp. 
Describes a complete line of low-voltage, 
a-c network apparatus, comprising trans- 
formers of both vault and subway types, 
disconnecting and ground switches, and 


The electric flow meters can be fur- - 


network protectors for all applications, 
Allis-Chalmers Mfg. Co., Milwaukee, Wi 


tators for d-c motors and generators, 
Folder, ‘“Making Bobbin-Type Field Coils,” 


the same apparatus. The Reliance Electric 
& Engg. Co., 1086 Ivanhoe Road, Cleve 
land, O. 


Insulator Tester.—Catalog 11, Sec. 2, 6 pp 
Describes a new device, the “‘Hipot’’ ins 
lator tester, a portable outfit for live line 


for operating voltages of 11,000 to 132,000 
volts and higher. The equipment consists 
of three Bakelite sections and a handl 
section which screw together, an indicatin; 
instrument, a ground prod and the neces 
sary cable and connectors. Roller-Smith Co., 
233 Broadway, New York City. 


j 


Time Delay Relay.—Bulletin 362, 2 pp. 
Describes a new motor driven time delay 
relay, in which time ranges start with a 
maximum of 35 seconds and include 13/4, 
51/4, 121/4, 26!/4, 42 and 63 minutes. Differ- 
ential gearing eliminates the use of trouble- 
some clutches and a magnetically operated 
brake has been designed for the differential 
gear train. A standard midget relay, built 
into the device, provides various load con- 
tact combinations including double pole, 
double throw. The relay is designed fo 
110 and 220 volt a-c operation, and is im 
mediately recycling. Quick make-and- 
break contacts are furnished with all con- 
tact combinations. Ward Leonard Electric 
Co., Mt. Vernon, N. Y. 


¢ 


Electrostatic Voltmeters.—Bulletin, 4 pp. 
Describes a new line of electrostatic volt- 
meters for a-c and d-c measurements, 
available in full scales ranging from 150 
to 25,000 volts. The instruments are suit- 
able for direct connection on either alter- 
nating or direct current for readings up to 
3500 volts and are entirely independent of 
wave form, frequency and temperature. 
Flush, projecting and portable types may 
be had in all ranges up to 3500 volts. 
Applications include cable testing, deter 
mining insulator leakage, insulation testing, 
measuring high impedance circuits, etc, 
Ferranti Electric, Inc., 30 Rockefeller Plaza, 
New York City. 1 


Equipment Depreciation Analysis.—A 176- 
page bulletin on the determination of the 
probable lives of various types of railroad, 
public utility and other physical equipment 
has been published by the Iowa Engineering 
Experiment Station as Bulletin 125, “Sta- 
tistical Analyses of Industrial Property 
Retirements” by Robley Winfrey, research 
engineer, and will be sent free of charge on 
request to the Station at Iowa State College, 
Ames, Iowa. Five methods of constructing 
survivor curves for the determination of 
probable life are explained and compared 
with the “‘turnover’”’ method. The method 
of comparison with type curves is simple, 
accurate, and quickly applied, all in con- 
trast to involved mathematical methods. 
The bulletin will be helpful to those engaged 
in depreciation studies. 
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